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i. Abstract 
 
The Leica 1200 series total stations have the ability to connect to a Differential Global 
Positioning Receiver (GPS) via Bluetooth.  With a GPS mounted on the top of the Total 
Station, a position and height for a station can be obtained.  The only other piece of 
information that is needed is the orientation.   
 
The aim of this report is to investigate the potential for using Automatic Target 
Recognition (ATR) to take sun observations for the calculation of geodetic azimuths, to 
reduce pointing errors associated with solar observations. 
 
A protective filter lens was constructed that enabled safe and functional tracking of the 
sun. Software was also written that calculates an azimuth in the field to assist with the 
testing of the accuracy of this method.   
 
It was found that using the ATR tracking method on the sun was approximately twice as 
accurate when compared with the manual pointing method.  The results of an averaged 
twelve set observation achieved results with a standard deviation of 12” over 11 
observation periods, with a maximum error of 23”, when comparing the azimuth from the 
sun with the local geodetic control marks over a 350m baseline.  
 
When compared to RTK GPS readings taken over the same baseline, the solar observations 
were found to give approximately twice as accurate an azimuth 72% of the time. 
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v. Glossary 
Alidade Bubble The long tubular bubble found on surveying instruments. 
Backsight The reference object that is used for orientation.  Often in the 
form of a sighting tripod with prism. 
Celestial Objects outside the earth’s atmosphere. 
Control Objects which have known positional values 
Coordinates Values for a position often in latitude and longitude, or easting 
and northing. 
Crosshairs Small lines which are visible inside the telescope, for the 
purpose of accurately lining up objects. 
Dual Axis Compensation Automatic correction for the dislevelment of an instrument. 
Face This refers to the side of the total station in which the vertical 
circle recording plate is found.  By taking two face readings 
(face left and face right) many systematic instrument errors 
are eliminated. 
Gons A Leica specific angle format. 
Lock Refers to the continuous robotic tracking of a total station. 
Magnetic Variation The change in magnetic north due to proximity to metallic 
deposits or objects. 
Misclosure The positional error obtained when measurements are 
checked back onto themselves or another known position. 
Multipathing The reflection of a signal off an object before it is received by 
an instrument. 
Objective end The opposite end of the telescope to the eyepiece end. 
Observation The recording of a mathematical value or values, in the case of 
this report this includes horizontal angle, vertical angle, slope 
distance and time. 
Orientation The correlation of an instruments horizontal angle to a known 
azimuth. 
Plunging the telescope The rotation of the telescope to the put it in the other face. 
Reading The process of recording of a mathematical value. 
Reference Object An object that is used to obtain an known orientation. 
Refraction The divergence of a light beam due to its projection through 
some medium. 
Set An average of an observation or observations in both faces. 
Station A mark with known position that the survey instrument is set 
up over in order to take observations. 
Telescope A series of lens that magnify the view when looked along the 
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axis.  In the case of this report it refers to the telescope which 
rotates around the vertical axis on the total station. 
Theodolite An instrument used for measuring horizontal and vertical 
angles. 
Total Station A surveying instrument used to read and record horizontal 
angles, vertical angles and slope distance, often with some 
form of robotic drive and on board computing. 
Traverse The coordination of positions by joining concurrent 
measurements together and adjusting results. 
Trunnion Axis The axis in which the vertical circle rotates. 
 
vi. Units 
 
A number of types of units have been defined in this report.  Also the sexigesimal format 
has been used commonly for angular values.  
 
Sexagesimal format – DDD.MMSSSS where D is degrees, M is minutes and S is seconds and 
then the fractional parts of a second 
 
Time in seconds has been denoted as “seconds” 
 
##” – denotes the seconds of angular arc 
 
ms – denotes milliseconds 
 
mm – denotes millimeters 
 
m – denotes meters 
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Chapter 1. Introduction 
 
Observations to celestial bodies have been used since the ancient Arabians invented the 
Kamal, a tool used for latitude determination by observations of Polaris.  (Dunham et al. 
2006).  The position of the stars and sun were essential navigation and mapping 
references before the Global Positioning System was introduced in the 1980’s.   Before the 
1980’s, land surveyors commonly used the sun and stars as reference objects to obtain 
and correct an azimuth, when doing control surveys and traverses, but there has been a 
gradual decline in the use of this technique since that time. 
 
There are a number of factors that have led to the decline in use of the sun for obtaining 
an azimuth: 
• Total Stations which are the most common surveying instruments have electronics 
which are damaged by magnified sunlight.   
• Differential GPS can be used for control, as an azimuth can be set by using two 
observations.   
• The time requirements of performing solar observations can be excessive, as 
multiple observations need to be taken to reduce systematic errors. 
• The non electronic theodolites that are used for this purpose have no automatic 
levelling compensation. 
• Booking errors can occur, and the process used to calculate an azimuth is 
extensive, requiring ephemeris tables and a programmable calculator or computer.  
 
Traditional solar observations using a theodolite have a number of human errors 
associated with them, including instrument levelling, time keeping and adjustment and 
pointing errors. 
 
Modern Total Stations have a number of features that make them advantageous for solar 
observations.  The dual axis compensation removes levelling errors, onboard software can 
record observations without booking errors, and some even have the ability to centre 
themselves on a target. 
 
It is this last point that will be the subject of this paper.  The use of the Automatic Target 
Recognition to take readings to the sun is previously un-researched.  It was the intent of 
this project to develop and test software and equipment that allows users to take 
advantage of the features of modern total stations, allowing for an azimuth to be set at 
any time of the day, provided the sun is visible from the user’s location.  
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1.1 Project Aim 
 
The aim of this report is to investigate the possibility of using the Automatic Target 
Recognition (ATR) in a Total Station to lock and track the sun and therefore set an azimuth 
using computer software, and assess the accuracies that can be obtained using this 
method. 
 
Research will be done into how the ATR works, the process of taking solar observations, 
the associated errors, different types of time, methods of acquiring an accurate time, filter 
lenses, equipment and personnel protection when taking sun observations. 
 
This report is not designed to update the methods of taking solar observations or 
calculating solar ephemeris data, although methods will be presented for doing these 
tasks, it is a report on the possibility of using the facilities available on modern total 
stations to set an azimuth and the accuracy resulting from their use. 
 
The final outcome of this project is a dissertation and recommendation that can be used 
by survey instrument manufacturers to construct a filter lens and software to allow for 
these sun observations to take place, benefiting the section of the spatial community who 
use Total Stations. 
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1.2 Project Objectives 
 
The objectives of this project are: 
 
1. Research Automatic Target Recognition and its limitations. 
This was the main focus of the paper, and was fundamental to using the ATR to 
track the sun. 
2. Research methods and equations for taking sun observations for azimuth. 
This area of research was required to justify the precision that can be obtained by 
using solar observation methods for azimuth control.  The azimuth needs to be 
calculated, in order to assess its accuracy. 
3. Research filter lens types for instrument protection. 
This area will look at what damage is done to the instrument by the magnified sun 
and what products are available to protect it while still maintaining operation. 
4. Experiment with differing filter lens types. 
As nothing of this type has been done before, testing was done to evaluate which 
filter lenses were of use. 
5. Design and construct a filter lens for instrument protection. 
After initial testing, and filter lens selection, a housing that can be quickly placed 
on, and taken off the instrument was designed and constructed to assist with 
accuracy testing. 
6. Compile a Visual BASIC based program to take sun observations. 
Accuracy testing was made easier by the development of a program that gave 
instant results in the field.  The publishing of this program is fundamental to the 
project, in order to make the technique available to all spatial professionals. 
7. Complete a field study of sun observations observed during differing times of the 
day. 
Testing was required to evaluate the accuracies that can be achieved by the 
combinations of the protective filter lens and total station, as compared to itself, 
state coordinate system, and GPS derived azimuths. 
8. Present the findings. 
In order to communicate the outcomes to the public, the results were calculated 
and presented in an easily readable format. 
9. Present the BASIC program for use by equipment suppliers. 
As most accessories are supplied by instrument manufacturers, the publishing of 
this program allows free use and a good base to incorporate the technique into 
new and existing on board total station computer systems. 
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1.3 Justification 
 
The technique for taking solar observations for azimuth is becoming a lost art in a 
surveying industry which is becoming dependant on GPS observations for all survey 
control.  GPS has inherent problems, such as multipathing, and if used without proper 
checks can lead to major mistakes.  It also requires two points to set an azimuth and a 
third to confirm them. 
 
By using the sun as a backsight, it reduces the reliance of having two points to set an 
azimuth, and can be used to reduce field time, as well as increasing accuracy in areas 
where conventional traversing is not convenient. 
 
By proving that it is possible to use the sun as an azimuth, and get acceptable and quick 
results using this method, it is hoped that commercial filter lens and firmware inside 
leading manufacturer’s instruments will be developed using information and ideas set 
forth in this report. 
 
This report is not going to revolutionise the surveying industry, as technologies such as 
electronic distance measurement (EDM) and GPS have, but it is hoped that this humble 
report will add a tool to the surveying industry that can be used as necessary, for as long 
as total stations are required.  
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1.4 Typical examples showing a need for project 
 
Often surveyors have to traverse long distances with a total station, sometimes over 
difficult terrain, only to take a small number of observations.  This project hopes to reduce 
the need for these time consuming tasks.  A number of examples have been formulated to 
demonstrate the potential of the outcomes of this project. 
 
Example 1. During a rural boundary 
definition a surveyor needs to connect to 
some reference trees found at the corners 
of the property.  The surveyor has the 
option to either put in two marks and take 
GPS observations on them, or complete a 
traverse around the perimeter of the 
property, which is often in the order of 
kilometres. 
 
There is the possibility of making time 
savings by having the ability to set up a 
total station, take a differential GPS 
position, perform an observation to the 
sun as a reference object and then 
measure the mark on the reference tree (Figure 1). 
 
Example 2. During the construction of a 30km long power-line, a surveyor is required to 
mark out the holding down bolts for each pole.  A differential GPS is not relatively 
accurate enough for bolts that are less that 1m apart.  A possible work sequence could be: 
1. Set up the total station over a GPS 
observed mark. 
2. Take a back-sight to a mark at the 
previous power pole 
3. Set the bolts out using the total 
station.  
4. Return to the previous pole to retrieve 
the back-sight. 
 
Significant time savings in the field could be 
achieved if the surveyor could (Figure 2): 
1. Set the total station and take a 
differential GPS position for station 
position. 
2. Take an observation to the sun as a 
reference object. 
3. Set the bolts out and move to the next power pole. 
Figure 1 Using GPS combined with solar 
obseservation to reduce time when limited 
observations per setup are required 
Figure 2 Using GPS combined with solar 
observations to assist with relavtivly accurate 
setouts over large scale project 
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Example 3. A surveyor is required to take topographic observations in heavy bush, and 
either had to progress very slowly with a GPS, or cut survey lines with an axe and brush-
hook. 
 
If the surveyor could set up the 
instrument, take a differential GPS 
reading, and set an azimuth from the sun, 
then proceed to survey topographic 
features around the station, then move 
to the next position, and repeat the 
process, there would be no need for 
cutting lines, making the survey easier 
and less time consuming (Figure 3). 
  
Figure 3 Using GPS combined with solar 
observations to assist where there is 
limited visibility at the horizon 
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Chapter 2. Literature Review 
 
To establish an understanding of what this dissertation achieves, it is required to make a 
presentation of information on the different components necessary to achieve the 
azimuth determination.  The overview of these individual compents and the method used 
in the project is shown in Table 1.  
 
Table 1 Flow diagram showing areas for review and method components 
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2.1 Solar Radiation 
 
The sun generates energy in the form of 
electromagnetic radiation.  This radiation can be 
detected and observed in the form of heat and light.  
The majority of the solar spectrum is between 280 and 
2000nm, with a peak at around 550nm (Standards 
Australia 2003).  A Leica TPS1200 total station has a 
magnification of 30 times; therefore this intensity is 
magnified down the telescope at 30 times the rate of 
the incoming beam (Leica Geosystems 2007).  This 
creates a dangerous situation for operator’s eyes, and 
damaging heating of the internal electronics and 
mechanisims inside the instrument.  The main damage 
to an instrument by pointing at the sun is to the wave 
filter on the EDM module (Figure 4).  
 
  
 
 
2.2 Existing filter lenses and protective equipment and techniques 
 
There are numerous pieces of existing equipment for taking safe sun observations 
including a dark glass, a Roelof’s prism and the Simplex Solar Shield.  There are also a few 
field techniques for taking solar observations without the use of protection, but these 
should be used in secondary preference to the protective equipment (Bennet 1980).  
 
Dark Glass 
With a conventional theodolite the sun observations could be performed using a dark 
glass, which was attached to the eyepiece of the telescope (Figure 5).  This had the effect 
of cancelling out the harmful rays while still letting enough light through to a take reading 
to the sun (Bennet 1980).  Using the protective filter lens the edges of the sun are 
generally observed using the vertical cross hair inside the telescope. 
 
Figure 5 Sun Dark Glass Observation Filter Lens for Wild T1A 
Figure 4 EDM Module for Leica 1100 series 
total station 
Wave filter 
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Roelof’s Prism 
Roelof’s prism is a tool used to split the sun’s image into four circles, which form a star 
shape when viewing the sun, and when the intersection of the circles are lined up with the 
crosshairs, the centre of the sun is obtained (Figure 6)(Allan et al. 1975). 
 
 
  
Figure 6  Roelof’s prism (Hashimi 2005) (left) and view through a telescope (Hilster 2011) (right) 
 
The Simplex Solar Sheild 
The simplex solar shield, while not as common as the Roelof’s prism is also used for 
obtaining solar readings.  Developed by Professor C.Wall in 1940, it covers the lens of the 
telescope with a blocking haloed X.  When the sun is invisible behind the shield the centre 
of the sun has been obtained (Schmitt 1940). 
 
 
Figure 7 Passage of the Sun across the Solar Shield (Schmitt 1940) 
 
No Protection 
The main field technique when there is no protective filter lens or shield available is as 
follows (Bennet 1980): 
• Roughly align the sun with the “gunsight” on the top of the telescope 
• Set the telescope’s focus to infinity 
• Project the sun’s image, through the telescope, onto a piece of paper. 
• By varying the eyepiece focus, sharp images of the sun and crosshairs will be 
projected on the piece of paper. 
• Adjust the tangent screws to obtain the required readings 
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The Leica GOV13 
Leica currently have a protective filter 
lens available for use known as the 
GV013.  It is built by Swissoptic and fits 
over the objective end of the total 
station (Figure 9). 
 
The main problem with modern total 
stations is the measuring equipment 
inside could be damaged by the 
magnification of the sun’s rays through 
the lenses.  The GV013 and the Roelofs 
prism are the only type that can be 
fitted over the objective end of the total 
stations telescope (Hashimi 2005). 
 
None of these existing lenses were 
found to be suitable for use in this 
project.  
Figure 8 GVO13 on Total Station 
Figure 9 The Leica GV013 on TPS1203+ 
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2.3 Filter & Lens Design 
 
2.3.1 Filters 
 
There are generally two types of optical filters, absorptive and dichroic filters.  Absorptive 
filters work by absorbing the selected wavelength of light passing through them, 
transforming the light into heat.   Absorptive filters are mostly constructed by making the 
filter medium the colour that is required to be removed.  Dichroic filters stop the light 
waves by reflecting the light by using a series of reflective optical coatings (Figure 10) 
(Wikipedia Contributors 2011). 
 
 
Figure 10 Absorptive Filter (left) and Dichroic Filter (right) 
 
 
Dichroic filters using thin film designs to create a series of sub filter types that are used for 
specific purposes.  These are known as edge filters and create their own subset of Dichroic 
filters (Paschotta 2011).  These include: 
 
 Low-pass or Short-pass filters – This type blocks all wavelengths above a certain value 
and allows the remaining wavelength range to pass through. 
 High-pass or Long-pass – This type of filter blocks all wavelengths below a certain 
value and allows the remaining wavelength range to pass through. 
 Band-pass filter – These are generally a combination of a Low and High pass filter, and 
only allow a certain wavelength range to be transmitted through. 
 Notch filter – This type of filter only blocks a certain wavelength range. 
 
 
Figure 11 Plot of the spectral reflectance curves of four different types of dichroic filters 
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2.3.2 Lens 
 
The type of lens which would be of most use for this project is a parallel lens.  Snell’s law 
explains the relationship between a ray of light passing from media of one density to 
another.  It shows that the angle of light is refracted when passing through from one 
medium to another, but it also works in reverse, when the light is refracted out of the 
lens.  When this is the case the beam is deflected back to its original angle, with the 
change in position being known as displacement.  The greater the angle of incidence from 
perpendicular, the greater the amount of displacement, as shown in Figure 12 (Page 
1943). 
 
 
Parallel plate lenses have been in common use 
in the surveying industry.  They are mostly 
found in parallel plate micrometers, which fit 
over the front of an automatic level and are 
used by tilting the lens plate to get a 
micrometer reading on the nearest graduation 
of the levelling staff (Allan et al. 1975). 
 
Figure 12 Displacement caused by Parallel edged lens 
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2.4 Leica TCRP1203+ Total Station 
 
This project used the facilities available on the Leica TRCP1203+ Total Station.  The 
following is an overview of the parts of this instrument that were used in this project.  
 
2.4.1 ATR 
 
Automatic Target Recognition (ATR) is a process used by modern robotic total stations to 
lock on to, and correct for, angle readings to a prism.  It uses a Complementary Metal 
Oxide Semiconductor (CMOS) sensor to take images of the prism and then uses “blob 
detection” algorithms to find the centre of the blob.  The total station will then correct the 
total station direction to the centre of the prism using the onboard robotics. 
 
Early types of automatic target recognition were performed by measuring the strength of 
the laser beam return and locking onto the highest strength return.  These types required 
the target to be in a relative known position and had little tracking capabilities (Key 2008). 
The first commercially available total station with target recognition and tracking was the 
Geodimeter 4000 instrument, which was released in 1992. (Kirschner & Stempfhuber 
2008).   
 
In the Leica 1200 series total stations the ATR is performed by emitting a near Infrared 
Laser beam at 785nm.  This laser beam is classed as a Type 1 according to IEC 60825-1 
(2007-03), which makes it safe for the unprotected human eye.  If the prism is in the view 
of the CMOS sensors’ range, which is 5 degrees, the signal will be returned as shown by 
step 2 in Figure 13 (Kirschner & Stempfhuber 2008).   
 
The prism will then reflect this beam, with the return signal directed through a Dichroic 
beam splitter to separate the visible from infrared light; then magnified through a number 
of lenses; and then into then CMOS sensor.  The returning image is a grey scale image, 
which is converted to black and white pixels (Weyman-Jones 2010). 
 
Once the image has been captured, the centre of the returned white or reflected pixels of 
the image is calculated, which is the centre of the prism.  This position is then compared 
to the centre of the image, and using pre-calculated values, rotation in gons is calculated 
as shown by step 3 in Figure 13. 
 
This value is then supplied to the instruments robotics, which rotate the telescopic axes to 
the centre of the prism as shown by step 4 in Figure 13.  This is all performed 200 times 
per second (Kirschner & Stempfhuber 2008). 
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Figure 13 Overview of the ATR system 
 
The Leica instruments have a number of features to speed up and reduce common errors 
associated with ATR.  The instrument will not always point directly to the centre of the 
prism.  As the angular values to correct to centre are known, if the telescope is within a 
specified tolerance of the centre of the target and an electronic distance measurement 
can be made, the machine will take the reading and apply the corrected angles to the 
recorded measurement (Weyman-Jones 2010). 
 
In the case of sun observations this is important, as the sun is in constant movement, 
therefore making direct pointing and simultaneous time recordings manually difficult.  If 
the instrument needed a stable prism the process of following the sun would not be 
possible. 
 
The other feature that is imperative to this 
project is the Leica 1200 total stations 
“emitter on/off” function (Bayoud 2006).  In 
the case where there is more than one 
infrared source, for example the reflection 
of the sun off a car, the instrument will take 
an image, turn the emitter off, take another 
image, and use the results to identify which 
reflected signal is the prism (i.e. the blob 
that is not visible when the emitter is off, is 
the prism).  This is then confirmed by the 
instruments ability to take an EDM reading 
to the prism (Figure 14). 
  Figure 14 Example of the Emitter On (left) and Emitter Off 
(right) checking 
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Figure 15 Telescope view (left), CMOS view emitter on (middle), CMOS view emitter off (right) 
 
To further demonstrate this function, views through the telescope have been recorded 
using an infrared compatible camera, shown in Figure 15.  A desk lamp was turned on to 
simulate another emitter of radiation, and cross hairs have been superimposed over the 
CMOS images (middle and right).  The left view shows the reflected radiation from the 
prism, the middle view shows both the lamps radiation and the reflection from the prism 
and the right view shows the laser switched off to identify the reflected radiation. From 
this point the instrument aligned itself to the point where the radiation was not being 
reflected. 
 
2.4.2 Horizontal Circle 
 
Since the advent of electronic angle measurement techniques the horizontal and vertical 
circle have been read by a series of glass plates with either incremental or coded 
graduations.  The angle is read by passing light through the plate and reading the binary 
graduation with photo diodes (McDougal 2004).  The Leica TCRP1203+ has the ability to 
read this plate to within 3 seconds of arc in both the vertical and horizontal circle.  This 
reading is then displayed on the screen.  When taking a recorded reading the instrument 
will often record a measurement different to that displayed on the screen, as the ATR 
system performs a calculation of correction to the centre of the prism, although it is not 
pointing directly at the prism (Leica Geosystems 2007). 
 
2.4.3 Clock 
 
The Leica TRCP1203+ has a clock that can take highly accurate measurements.  Using the 
Leica GEOCOM connection routines it is possible to take a time reading to within 1/1000th 
of a second.  This timer is started when the machine is turned on, and has no direct 
relation to the timing clock.  By using a GPS as a timing clock, at the same time as the 
machine’s timer, time differences of 1/1000th  of a second can be achieved (Leica 
Geosystems 2002). 
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2.4.4 Onboard Computer System 
 
The Leica TRCP1203+ has on-board computing for recording and calculating 
measurements in the field.  This software is based around a window CE operating system, 
and measurements are recorded onto a CF card, inserted into the side of the instrument 
(Leica Geosystems 2002). 
 
The instrument also has the potential for direct communication with a connected 
computer via the GEOCOM interface.  This is a series of routines written in C++ and Visual 
Basic that can be inserted into programs to collect and send information between a 
connected computer and the instrument.  Connections can be facilitated using a serial or 
USB cable that is connected via a cable to a LEMO port at the base of the instrument, or 
via a Bluetooth wireless connection (Leica Geosystems 2002). 
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2.5 Sun observations for azimuth 
 
2.5.1 Azimuth 
 
Azimuth is the horizontal angle going in a clockwise direction from the northern facing end 
of the local meridian (Bennet 1980).  There are a few types of azimuth currently in use.  A 
magnetic azimuth is based on the magnetic pole of the earth, and can also vary over time 
and from place to place depending on local conditions.  The geodetic azimuth is relative to 
the meridian’s lines of the earth, which run from the true North Pole to the true South 
Pole.  The astronomical azimuth is related to the geodetic azimuth, but changes from 
location to location, due to the gravitational effects of the earth (Hamilton 2002).   
 
The other type of azimuth is a grid azimuth.   A lot of survey work is done on a local grid, 
where the ellipsoidal shape of the earth is projected onto a flat plane, for example the 
Map Grid of Australia (MGA).  This results in a convergence between true north and grid 
north that differs depending on how far the subject area is from the central meridian 
(University of Queensland 2009). 
 
The difference between a geodetic azimuth and an astronomical azimuth is due to the 
deflection of the prime vertical.  This method for accounting for the deflection of the 
vertical is known as the Laplace correction.  The Laplace correction is a function of the 
east west slope of the geoid (Hamilton 2002).  The error caused by the Laplace correction 
is generally small, but it can be easily programmed and if a geoid is available on the 
instrument for use, then it should be applied. 
 
Grid correction changes depending on the grid projection and how far the position is from 
the central meridian.  Common grid projections used in Australia at the present point in 
time are the Integrated Survey Grid (ISG), and the Map Grid of Australia (MGA).  
 
 
Figure 16 Astronomic and Geodetic North 
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2.5.2 History 
 
There is speculation that the sun may have been used for azimuth determination for the 
alignment of the ancient pyramids in Egypt, using a pyramidal block and the path of the 
sun over the course of a day (Neugebauer 1980).  In recent centuries, the determination 
of a precise azimuth from the sun was realised by William Austin Burt, who invented a 
device called the solar compass in 1836 after experiencing magnetic variation while 
surveying in Wisconsin.  By combining the ephemeris data and settings on the solar 
compass, true north could be set using the attached telescope or sights (Dunham et al. 
2006). 
2.5.3 Methods 
 
There are currently two commonly used ways of obtaining an azimuth from a celestial 
object, the sun or stars, the “Azimuth Altitude method” and the “Hour Angle method” also 
known as the “Time Azimuth method”.  Both methods require the operator to know the 
latitude and longitude of a station to within one second of arc.  
                            
Figure 17 Methods of Sun observation 
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The Azimuth Altitude method 
 
This method uses a vertical circle reading combined with a horizontal angle reading.  This 
method also requires either a barometric pressure reading or height determination.  
Accuracies of around one minute of arc are relatively typical of this type of observation 
method (Hamilton 2002).  The azimuth altitude method, although easier to calculate and 
having a reduced reliance on the time keeping, also has a number of systematic errors 
that need to be taken into account. 
 
These errors include: 
 
1. Vertical circle – as a vertical circle reading needs to be taken, the operator must 
ensure that the vertical circle correction is applied, the trunnion axis is in good 
order (or values accounted for), and the alignment of the horizontal and vertical 
circle is perpendicular and eccentricity free.  Many of these errors are adjusted out 
in a normal traverse, due to reverse heighting, but as the angle will not be 
measured back from the sun, these values must be known (Bennet 1980). 
2. Parallax and changes due to differences in Latitude – as the latitude increases the 
propagation of systematic errors get worse, unless the altitude is kept low and 
confined to the summer months (Bennet 1980). 
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The Hour Angle Method 
 
Also known as the Time Azimuth method, this 
process involves reading the horizontal angle to the 
sun and taking a highly accurate time reading.  The 
commonly used method for taking a sighting to the 
sun is to use opposing sides of the sun in the left and 
right face, sighting the vertical cross hair of the 
telescope.  By taking the average of these readings 
the centre of the sun is obtained.  The average time 
will also be taken which is used for right ascension, 
Greenwich Hour Angle (GHA) and declination 
calculations.   
 
 
The process of taking and calculating solar 
observations using the hour angle method is as 
follows: 
 
1. Take a reading or readings in face left and face right to a reference object and the 
sun, while taking accurate time readings. 
2. Take the average of the sets and time readings and apply time zone corrections to 
obtain the UTC time. 
3. Apply the DUT1 (leap second) correction. 
4. Obtain and calculate the Greenwich Hour Angle (GHA) for the time of observation 
and the station coordinates from ephemeris (this can also be calculated using 
Craymer’s 1984 formula). 
5. Add the longitude of the station to the GHA to get the Local Hour Angle (LHA). 
6. Use the LHA to get the value for t.  Before noon this is 360° - LHA, and after noon 
this is the LHA. 
7. Obtain and calculate the declination of the sun from ephemeris (δ) (this can also 
be directly calculated using Craymers 1984 formula). 
8. Use this to find the declination at the time of observation. 
9. Using the values of latitude (θ), t and local declination (δ) find the azimuth of the 
sun.  
10. Use this azimuth to calculate a correction to the horizontal angle and therefore the 
correction to the backsight. 
11. Calculate Laplace correction from Latitude and Longitude coordinates and Geoid 
file and apply. 
12. Calculate and apply true to grid conversion if necessary. 
 
(Modified from Hashimi (2005)) 
 
 
 
Figure 18 Observation sets using edge of 
sun method 
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2.5.4 Errors associated with solar observations 
 
Instrument Dislevelment 
An advantage of using modern total stations is the dual axis compensators that correct for 
horizontal and vertical circle dislevelment.  This dislevelment is one of the most significant 
errors in taking solar or astronomic observations, and in the past was corrected by taking 
a reading of the dislevelment of the alidade bubble and applying a correction.  With the 
compensators, this correction has already been applied, and is measured more accurately 
than could be performed by the operator (Hashimi 2005).     
 
It was partly due to this dislevelment 
error that observations for azimuth 
were recommended to be taken at 
less than 45°, or close to the horizon.  
The other reason for the 
recommendation that the 
observations be taken at less than 45° 
and not within 2 hours of apparent 
noon, is at this time the sun has the 
greatest amount of movement across 
the sky, as can be seen on the Figure 
19 for a typical summer day at Port 
Macquarie, Australia.  It can be seen 
that between 10am and 2pm local 
time the sun is moving at a rate of 
approximately 38” in azimuth per 
second of time. 
 
 
Time Recording 
There are many methods of acquiring time, for use in Hour Angle calculations.  Previous to 
the introduction of the telegraph worldwide, time observations we completed using noon 
observations, using a transit telescope.  Around the 1890’s the telegraph was being used 
to take time corrections.  After that the introduction of time signal transmissions 
broadcast (McDiarmid 1914) on shortwave and medium wave radio signals meant time 
readings could be taken using the 6 ‘pip’ broadcast (Bennet 1980). 
 
Most modern total stations, due to the onboard computing systems have some ability to 
record time, and provided these are correlated to UTC, should be sufficient for taking sun 
observations (Hashimi 2005).   
 
  
Figure 19 Azimuth and Altitude of the sun at Port Macquarie, 
Australia (Sunposition.info 2011) 
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Pointing Errors 
Using the Hour Angle method, less emphasis is put on reading to both cross hairs, 
therefore pointing errors are reduced.  Also refraction and vertical circle errors are 
reduced using this method (Bennet 1980).  The errors derived from latitude changes and 
seasonal changes are also reduced.  Using this method means there is no need to correct 
for parallax and refraction (Hashimi 2005). 
 
The combination of time and pointing errors leave two significant human errors that need 
to be accounted for, when using a modern total station to take solar observations.  
Reliance is still placed on the operator to line the sun up with the cross-hairs and press the 
button to record the observation, either on a stopwatch or on the instrument itself. 
 
2.5.5 Time 
 
The time required for making Hour Angle observations is the astronomical time scale 
referred to as ephemeris time (ET).  ET was developed and implemented in 1952 and is a 
measured from the first of January 1900, with the unit of time “second” being based on 
the length of this year.  This equated to 1/31556925.975 of a year (Guinot & Seidelmann 
1988).  Due to the second length changes introduced by atomic clock and the gradual 
slowing of the earth’s rotation, ET is out of currently out sync with Coordinated Universal 
Time by 66.32 seconds. 
 
Coordinated Universal Time (UTC) is a timescale based around the average rotation of the 
earth, and is referenced by the mean solar time at the Greenwich meridian.  This is the 
time that is broadcast by shortwave radios.  UTC is periodically corrected either on the 1st 
of January or September when it is out of synchronization by more than 0.5 of a second. 
These corrected seconds are known as leap seconds and account for the gradual slowing 
of the earth and other changes in the earth’s rotation.   
 
UT1 is the exact average rotation of the earth, and is referenced by the mean solar time at 
the Greenwich meridian.  The correction between UTC and UT1 is referred to as DUT, 
which is the leap second correction.  Currently these times are measured using Very Long 
Baseline interferometery, which uses a series of telescopes around the world to make 
simultaneous observations to the same celestial object. 
 
GPS time is based on UTC on the 5th of January 1980, and since then has not been 
corrected for leap seconds (Hamilton 2002).  At this time UTC was behind International 
Atomic time (TAI) by 19 seconds.  In order for the difference between UTC and GPS time 
to remain minimal, the GPS signal broadcasts a correction from GPS to UTC, which can be 
then be applied to user’s instruments (Brett 2011) . 
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Figure 20 Time differences from UTC from 1980-2011 
 
The National Marine Electronics Association (NMEA) string exporting is available on most 
GPS receivers, whether they are small hand held devices or Differential GPS receivers 
(Lambrou & Pantazis 2008).  The Leica ATX1230 GPS system records time in UTC, and has 
the ability to export a NMEA string, which can be used for timing.  If GPS observations are 
being taken to establish position, time could also be measured at this point. 
 
2.5.6 Prediction of Right Ascension and Declination 
 
Conventionally right ascension and declination are calculated using prediction tables, for 
example a star almanac or catalogue.  These types of tables are based on a system when 
handheld calculators or microcomputers were not available for common use, and were 
associated with trigonometric or logarithmic tables.  The process of getting a value 
involved finding the two closest values to the subject time and interpolating a result by a 
ratio of the time change (Hashimi 1985). 
 
Since the introduction of programmable calculators and micro-computers, the extensive 
formula required to calculate these values has allowed algorithms to be written 
specifically for calculators and micro-computers.  These programs can calculate the 
required value to fractions of a second (Hashimi 1985). 
 
Since the late 1970’s there have been a number of different methods for calculating the 
sun’s position at any time of the day, mainly with sections extracted from Jean Meeus’ 
book Astronomical Algorithms released in 1979. 
 
In 1980 Bennet published in “The Australian Surveyor” an article outlining the basic 
formula to calculate right ascension, GHA and declination, for any time between 1980 and 
2000.  Bennet explains in his article that the algorithm was accurate for the these two 
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decades due to the difference between ephemeris time (ET) and universal time (UTC) 
which in 1980 was 50 seconds, and he predicted would be 1 minute in 1990.  The value for 
this difference in 2010 is now 66.32 seconds (Schlyter 2011).   
  
In 1984 Craymer published a technical report with an updated and more rigorous formula 
which, by using a FORTRAN program published in the back of the report, gives results 
using the ET-UTC time difference directly (Craymer 1984a).  The formula, with 
modifications and in BASIC programming format, is presented in Appendix C. 
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2.5.7 Effects on ephemeris calculations 
 
The effects that affect right ascension and declination of the sun as follows: 
 
1. The effect of Procession – this is the motion of the equinoxes, which is attributed 
mostly to the gravitational forces of the sun and moon on bulge of the earth at the 
equator (Hashimi 1985). 
2. The effect of Nutation – this is the change in the position of solar bodies due to the 
gravitational effect of the sun and moon on the earth, and the change in distance 
between them (Hashimi 1985). 
3. The effect of Annual Aberration – this is the effect caused by the apparent 
displacement of a solar body due to the movement of the earth on its orbit (annual 
aberration), and rotation about its axis (diurnal aberration) (Hashimi 1985). 
4. The effect of proper motion – this is the motion of a solar body with relation to 
earth (Craymer 1984b). 
5. The effect of parallax – this is due to the difference in where the observation is 
taken from and the origin of the solar coordinate system (Craymer 1984b) 
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2.6 Accuracy of using sun observations 
 
Using the previously mentioned algorithms, the azimuth of the sun can be calculated at 
any time without tables to approximately 1”.  The Leica TCRP1203+ has an angular 
standard of 3”, and the 780BP20 bandpass filter has a parallelism error of 25”. 
 
After doing testing over several baseline locations in the Philippines, Dimal and Balicanta 
(2009) found that they could get solar observed azimuths to agree with GPS co-ordinates 
with a maximum error of 40”.  They also found that the length had no discernable effect 
on the precision of the azimuths, with their testing done over a range of distances from 
100 to 300m (Dimal & Balicanta 2009).  They came to the conclusion that tertiary, and in 
some cases primary control, could be established by using solar observations. 
 
Lambrou and Pantazis 2008 used a total station with Roelof’s prism attachment with a 
GPS system attached for time recordings, and found that they could get very accurate 
results in instruments, when measuring 15 sets to Polaris in the Northern Hemisphere.  
Using manual pointing and recording techniques, they achieved standard deviations of 
2”using a 3” instrument.  It does not appear that they checked the derived azimuth with 
any published values for their experimental position. 
 
Hashimi in 2005 found that using a total station fitted with a Roelof’s prism, acquiring 24 
sets of observations and observing during the 2 hours before noon, he was able to obtain 
an azimuth to within 15” over a 108 metre baseline. 
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Chapter 3. Methodology 
 
For this project a number of tests were performed: 
1. Checking the ATR read and locked onto the sun. 
2. Which filter lens was best for locking on to the sun using ATR, and what results are 
obtainable using different filter lens types. 
3. What is the accuracy obtainable using the ATR tracking of the sun: 
-During different times of the day. 
-Using different station establishment techniques (known mark, RTK GPS on 
backsight, using RTK GPS on both marks). 
 
3.1 Protection of equipment and safety of personnel 
 
Looking at the sun through any telescopic instrument can be dangerous to personnel if 
proper precautions are not adhered to.  Do not point the telescope at the sun without 
protection on the front of the telescope as it will damage your eye and the instruments 
electronics.  The sun’s intensity is magnified by the magnification rate of the telescope. 
 
3.2 Lens and Filter Selection Tests 
Experimentation on a series of filter lenses for protecting the instrument and personnel, 
while still allowing ATR readings, were performed.  Various methods of testing were used 
on each filter lens, with a positive result in one test, leading to a test of the next method. 
 
Heating caused by magnified radiation  – To 
assess the possible heating that was going to occur 
due to the direct pointing to the sun, a Wild T1A 
theodolite was used, with the filter lenses mounted 
over the objective end, and the temperature 
measured at the point of convection approximately 
5mm from the observing end of the telescope (Figure 
21). 
 
ATR stops search when sun came into view – 
The filter lens was placed over the objective end of 
the total stations telescope.  The telescope was then 
pointed roughly at the sun and a spiral search was 
initiated.  When the sun came into the range of the 
ATR’s view, it was recorded whether or not the 
instrument would stop to perform an emitter on/off 
check. 
  Figure 21 Recording temperature change using Wild T1A 
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ATR search lock to sun- The filter lens was placed over the objective end of the total 
station’s telescope.  The telescope was then pointed roughly at the sun and then by 
pressing the distance button the total station would do a spiral search, looking for the 
“prism”.  It was recorded whether or not the instrument would lock onto the sun when 
doing a spiral search. 
 
Direct pointing – The filter lens was placed over the objective end of the telescope.  The 
total station was then placed in “lock” mode and the telescope was pointed directly at the 
centre of the sun. 
 
Locked using prism hiding method – Through trial and error with the 785BP20 a 
technique was found for “tricking“ the instrument into locking onto the sun.  The 
remaining filter lenses that were deemed safe for testing were evaluated using this 
method. 
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3.3 Test Filter Lenses 
Welding lens 
A Shade 10 welding lens was 
purchased from a local 
hardware store for $AU12.  
According to AS1338.1 it is an 
absorption filter, and allows 
small percentages (0.0003-0.6%) 
of the entire spectrum to be 
transmitted. (Standards 
Australia 1992) 
 
 
The inside of a floppy disc 
On a hint from an internet 
forum on camera photography 
(DIY Photography 2007) the 
inside of a 5 ½ inch floppy disk 
was placed over the objective 
end of the telescope.   The cost 
of this filter lens was approx 
$AU0.10 cents.  
Commercial Infrared Camera 
Protective Filter Lens 
Purchased online for around 
$AU40, the protective filter lens 
blocks out all visible light up to 
550nm 
 
785BP20 bandpass filter 
This filter lens blocks all light 
outside 775 to 795nm and was 
bought online for around 
$AU30.  The filter lens has a 
specified error of parallelism of 
5-25”. 
 
Leica GV013 protective lens 
This is the recommended solar 
filter from Leica for performing 
solar observations.  It cost 
$AU420 and is relatively 
unknown to most equipment 
suppliers. 
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3.4 Refraction Testing 
 
As many of these filter lenses are not built with a high degree of precision a test was 
devised to measure the accuracy of the lens, as well as the ramifications of not having the 
lens mounted exactly parallel to the instrument. 
 
To achieve this a Leica Circular prism of 50mm in diameter was set in an enclosed testing 
range, at a distance of 33m.  To eliminate booking and human errors, observations were 
taken using the ATR and recorded automatically by the instrument using the “sets of 
angles” program.  The Leica TRCP1203+ has a pointing accuracy of 3”, and to increase the 
accuracy and reduce the chance of outliers, 8 sets were observed in both faces increasing 
the potential accuracy of the instrument to 1.06”. 
 
At this range, every minute of deflection is equal to 10mm.  The 780BP20 is 5.77mm thick 
with a parallelism error of 5-25”. 
 
Width: 5.77mm 
Max angle of parallelism: 25” 
Refractive Index: 1.52 (assumed crown glass) 
Maximum twisting of lens in housing 5° 
 
3.4.1 Maximum Deviation due to Parallelism 
 sin 
sinr 	
a
g 
 	 arcsin sini ga   i 
 	 arcsin sin25" 1.521 
 25"  	 38"  25"  	 13" 
Where 
x=angle of deviation 
i=error in Parallelism and angle of 
incidence 
r=refracted angle 
g=refractive index (glass=1.52) 
a= refractive index (air =1) 
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3.4.2 Maximum deviation due to lens housing twist 
 
 
 
 
 	  1cos  sin 
 
 	 arcsin sin g  
 	  1cos arcsin sin g 
sinarcsin sin g  
 
 	 5.77 1cos arcsin sin5 1.521 
sinarcsin sin5 1.521  
  	 0.757 
 
Where 
i= angle of incidence 
r=refracted angle 
g=refractive index (glass=1.52) 
a= refractive index (air =1) 
d=displacement 
t=lens width 
 
Over 33m deviation cause by 0.757mm displacement 
 	 atan  0.75730000  	 4.7" 
Therefore the maximum theoretical deviation for a 30m baseline from the 785BP20 filter 
lens is 17.7”. 
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3.5 Automatic Target Recognition 
 
The main objective of this project was to test the effectiveness of using the ATR on the 
modern total station to track the sun’s movement, which in the field could use a search 
function, to find the sun in a section of the sky, without the operator having to observe 
through the telescope.  This would negate the pointing error associated with solar 
observations. 
 
To the total station the sun should look very similar to a standard circular prism.  The only 
property in which the sun differs from a prism is that the sun is an emitter of radiation, 
not a reflector.  The Leica 1200 series total stations have in the ATR function, an emitter 
on/off function, where the instrument checks to make sure the prism is a reflector, by 
turning off the emitted laser, and checking for reflection.   
 
As a result of the emitter on/off function, the total station would stop when the sun came 
into view, showing that sun had been found by the CMOS sensor, but would continue its 
search after doing an emitter on/off routine.  The author recommends that due to the 
success of this project, manufacturers might be able to add a function to their total 
stations that allows the instrument to be used with the emitter on/off function disabled. 
 
Using the 785BP20 bandpass filter mounted over the objective end of a Leica TCRP1203+ 
total station a reading was able to be obtained by using the following method (see section 
4.1) : 
1. Put the instrument into lock and Low Visibility mode. 
2. Put the instrument into search mode by pointing it at a prism and then twisting it 
away, initiating the search mode. 
3. Point the instrument at the sun. 
4. Hold a prism close to the instrument until it obtains “lock” and then remove it 
quickly. 
5. The instrument will then track the sun until the instrument does an emitter on/off 
check.  This is normally around 1-1.5 seconds. 
6. Take the reading during this time. 
 
Figure 22 Instrument in Lock and Low Vis mode 
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To facilitate the ease of this process a small retro prism was mounted on at hinge on the 
end of a lens housing.   The filter lens was mounted inside a detachable front section that 
can be removed to facilitate normal total station functions.  This device is known as 
Nixon’s Solar Observations Device (NSOD) (Figure 23).  A welding lens was also attached to 
the front of the telescope above the aperture to assist with rough pointing of the 
instrument at the sun.  It was found that the “gunsight” crosshairs mounted on the top of 
the telescope were still clearly visible with the welding lens in place. 
 
 
 
 
 
 Figure 23 Nixon’s Solar Observation Device (NSOD) 
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3.6 Solar observation method 
 
To obtain an azimuth the Hour Angle method was used.  This involves taking horizontal 
angles to the centre of the sun in both faces.  This differs from conventional methods, 
which use the opposing edges of the sun in opposing faces.  This negated the need for 
semi-diameter corrections to correct the angle to the centre of the sun. 
 
The calculations for the observation method were calculated using the Visual BASIC 
program. The steps in the program are as follows 
 
1. Before starting observations a GPS base time and instrument millisecond timer 
recording are taken. 
2. The station values are taken from the instrument and converted to geodetic 
coordinates and a grid correction is calculated. 
3. The prime vertical deflection is calculated and applied to obtain the Laplace 
correction and astronomic coordinates. 
4. The sun is tracked by the instrument 
5. Angular and time values are taken from the instrument. 
6. The time from the instrument is correlated to the base time and a observations 
time is calculated. 
7. The azimuth to the sun is calculated using astronomic coordinates and time.  
During this stage the Ephermis time correction is added to the time value. 
8. The grid and Laplace correction are applied to this azimuth. 
9. The azimuth is compared to the horizontal angle and a horizontal circle correction 
is calculated. 
10. Steps 4 to 9 are repeated with the instrument in both faces. 
11. With each extra reading an average horizontal circle correction is calculated for 
both faces and total.  Variations are also calculated and compared to a rejection 
criteria of two standard deviations.  Readings outside this range are flagged. 
12. When the operator is satisfied with the number of observations and results, the 
horizontal circle correction is sent to the instrument and applied to the horizontal 
circle. 
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3.7 Ephemeris calculations 
 
The ephemeris in the past has been obtained by sun tables or a solar almanac.  For this 
project, the ephemeris will be calculated using a slightly modified version of Craymers 
solar ephemeris algorithm.   The formula used for this project is based on Craymer’s 1984 
Fortran program transferred into the BASIC Programming Language format.  It can be 
found in Appendix C, in the SunAz.main.frm module under the function Sun_Az.  A 
flowchart of the process is shown in Table 2. 
 
Table 2 Factors affecting the calculation solar azimuth ephemeris 
 
 
3.8 Correction to grid 
 
The correction to grid, in this case, is a correction from true north the MGA north.  This is 
not really necessary to get results from the baseline, but has been added to the project, as 
it is not often that an ordinary land surveyor would require a true north azimuth.   
 
The formula for conversion from true north to MGA grid used in this project in BASIC 
programming language can be found in Appendix C, in the SunAz.main.frm module as part 
of the function mga2latlongcon and contained in the 7 lines under the comment “Grid 
convergence to 4 terms”.  (USQ 2008) 
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3.9 Time reading 
 
The time reading was acquired by using a USB mounted GPS reading device, purchased for 
around $AU20 (Figure 24).  This supplied an NMEA string, allowing the acquisition of UTC 
time.  This time was combined with an accurate reading to the 1/1000th of a second from 
the instruments onboard clock.  By recording a base time of both the GPS and millisecond 
timers the observation time was acquired by application of the millisecond change to the 
base time. 
 
 
Figure 24 USB GPS receiver 
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3.10 Checking results 
 
One of the proposed outcomes for the results of this project is to have a software 
program that will calculate an azimuth, for use when setting up over known marks on 
already established control, or using a Real Time Kinematic (RTK) GPS position. This is 
proposed for use doing small survey projects where many setups are required.   
 
Due to this type of application, a minimum amount of observations needed to be used to 
get obtain a result was assessed.  The accuracy testing will look at the results from 1, 2, 4 
and 12 sets of observations. 
 
To ensure that the accuracy of the technique is consistent, testing was required to be 
performed over the course of a day, from an area that had reliable views of the sky, as 
well as being able to be the connected to an existing geodetic network. 
 
An elevated area for observing solar observations, known as the Silverwater Marker, was 
located in the suburb of Olympic Park.  A closed traverse was performed between a mark 
put in at the top of the mound (Nixon’s Spike) and state survey marks SSM26830, 
SSM99411, and SSM99412.  These all have satisfactory values in MGA (Figure 25). The 
traverse used 9 sets of observations at each station to reduce the angular accuracy of the 
instrument to 1”.  The traverse had a 1” angular misclosure, which was adjusted out using 
a Bowditch adjustment. 
 
Figure 25 Map showing Spike and Reference mark locations (Google Earth 2011) 
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The results of this traverse gave Nixon’s Spike the coordinates of East 321806.773, North 
6255569.105.  By conversion of the valves to geodetic coordinates the following values 
were obtained: Latitude 33°49’30.36211” South, Longitude 151°04’28.16048” East. 
 
To check the results given by the solar observations, the total station was set up over 
Nixon’s Spike, and, considering the general use of total station is in the range of 10-400m, 
a backsight was selected at a range of approximately 350m over SSM99412. 
 
Figure 26 Testing range view from SSM99412 
 
Tests were also done using the RTK GPS values that were being obtained from a GPS 
antenna mounted on the top of the total station and the backsight at a series of times 
over the course of the day.  This provided an alternate calculation and accuracy, i.e. not 
setting up over a known mark, and also tests the results against the two station GPS 
technique.  SSM99412 was deliberately chosen in an area with 30% obstructed tree cover 
to simulate conditions that are typical in an urban and semi rural environment, while 
Nixon’s Spike has perfect visibility of the sky (Figure 27).   
 
GPS using Real Time Kinematic (RTK) results were calculated using the Land and Property 
Information’s Continuously Operating Reference System (CORS).  They were acquired 
using the Virtual Reference Station (VRS) method, which uses information from a number 
of GPS base stations in the area to acquire a position.  An averaged 1 minute observation 
was observed for each measurement, to reduce cyclic anomalies.  This would be a typical 
method used by a land surveyor to establish secondary or tertiary control, using GPS 
based observations. 
 
 
Nixon’s Spike 
SSM99412 
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Figure 27 SSM99412 with 30% Tree Cover and Nixon’s Spike with ideal conditions 
 
3.10.1 Checking results over time 
 
The observations were taken over the entire day at 1 hour intervals starting at 7am in the 
morning with the final observation at 5pm in the evening.   Due to sun visibility times at 
the site, hours other than this were not able to be observed. 
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3.11 The program 
 
 
 
This following is an explanation of the functional areas of the sun azimuth 
program, to assist with its future uses and outline the processes involved in 
calculating an azimuth to the sun and transmitting a correction to the instrument. 
1. Setup and connect button.  The setup button brings up another page and is used 
for setting the communication ports of instrument, communication modes, timing 
and projection settings.  There are also facilities for setting the location of the 
geoid and data logging file.  The connect button is used to connect to the total 
station and USB GPS.  As part of this sequence the station values are downloaded, 
grid and Laplace corrections are calculated, and GPS base times and dates are set.  
2. Current Station values.  These are downloaded from the instrument’s current 
setup station.  A setup needs to be performed on the instrument before use, to 
acquire these values. 
3. Get Station Values button.  This button can be pressed once the instrument is 
running to re-acquire the station values, and recalculate grid and Laplace 
corrections. 
18. 
. 
17. 
. 
16. 
. 
15. 
. 
14. 
. 
13. 
. 
12. 
11. 
10. 
9. 
6. 
5. 
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1. 
4. 
3. 
2. 
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4. Timesync.  This button is used to reset a base time, in the case that the GPS did not 
have a good time lock at the time of connection.  It takes the value from the NMEA 
string of the GPS and correlates it to the millisecond timer from the instrument. 
5. Current position values.  The values are calculated from the station coordinates 
using the projection information.  The G values are the geodetic position calculated 
from the station values. The A values are the astronomic position, calculated using 
the vertical deflection values of the prime vertical.  If there is no geoid file available 
these values will be the same, and accuracy results will be affected as such. 
6. Laplace and Grid correction.  The Laplace is calculated using the geoid file, which 
will be set to zero if no file is available.  The Grid correction is calculated using the 
position and projection values in the setup. 
7. Record Observation button.  This button is used to take an observation from the 
sun.  When the instrument is locked onto the centre of the sun the user pushes 
this button to take a reading.  If the tab focus is put over this button, the value can 
be recorded by pressing the spacebar button. 
8. Recorded values.  This list box lists the current values that are being used to 
calculate the average correction to the horizontal circle.  The first column lists the 
single observation horizontal correction.  The second column lists the variance 
between the averaged readings and the recorded value.  This column also will 
asterisk up any values that are outside of 2 standard deviations to assist will outlier 
identification.  The third column lists the variance between the face average and 
the recorded value, and will asterisk any values outside 2 standard deviations to 
assist with outlier identification.  The average is taken by taking the average of the 
averaged face readings, so even numbers of readings do not need to be taken 
(however this is still good practice). 
9. Time readings of last recording.  These values are calculated by applying the 
difference between the current millisecond time and the base millisecond time and 
applying this value to the base GPS time value.  This allows for higher accuracy 
time readings to be taken. 
10. Correction values.  This lists the azimuth to the sun and horizontal correction of 
the last recording, as well as the current average values. 
11. GPS time values.  This number is the time and date values that will be used when 
the next Timesync button is pressed.  The Timesync is performed as the point 
when the next reading is received from the GPS in an attempt to increase the base 
time accuracy. 
12. TPS values.  This is the current horizontal circle reading, base millisecond timer 
value and the current millisecond timer value.  A quick check of the current 
millisecond timer will show at what sort of rate the information from the 
instrument is being received. 
13. Number of observations.  These two values list the number of observation in their 
respective faces (FL being face left and FR being face right), to assist with getting 
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an even number of values in each face.  Although this is not required to calculate a 
valid azimuth, it is recommended that these numbers be the same, as it is good 
survey practice, and may eliminate unidentified errors. 
14. Delete button.  This button deletes the currently selected value in the list box.  The 
average and variance values are then recalculated. 
15. Clear All button.  This button clears all the values in the list box. 
16. Set Hz button.  This button is used to apply the current averaged correction to the 
horizontal circle values on the instrument. 
17. Disconnect button.  This button disconnects the instruments from the computer 
18. Exit button.  Exits program 
 
Attached to the program is a log file which records operations and values from the 
program, in the case that post processed observations need to be calculated.  This also 
assists with quality control. 
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Chapter 4. Results and Discussion 
 
The following is an outline of the results of the filter lens testing, refraction testing and 
accuracy testing completed for this project. 
4.1 Filter Lens Testing 
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Wild Darkening Eyepiece Unknown Restricts All N     
Welding Lens $12 Restricts All Y N N N N 
Floppy Disk $0 Unknown Y Y N   
Commercial IR Filter $40 <500nm Y Y N   
785BP20 $30 775-795nm Y Y N N Y 
Leica GV013 $420 Restricts All Y N N N N 
 
The testing was completed over a series of hours with each filter lens tested if it was 
considered safe to do so. 
 
The first test was to evaluate the increase in temperature to the instrument based on the 
protective features of the filter lens.  Without any protection, the convection point of the 
lens would light a sheet of paper on fire in under a second.  It was therefore decided not 
to record a base value by placing the thermometer at the convection point at the risk of 
destroying it.  The only filter lens that experienced an increase in temperature was the 
Wild Darkening Eyepiece, which was most likely due to the mounting point being at the 
eyepiece end of the telescope.  In this case the increase was approximate 2°Celsius. 
 
The next test was to evaluate if the instrument would stop its spiral search when the sun 
came into view.  The Floppy Disc, Commercial IR Filter and 785BP20 all stopped when the 
sun came into view, but none would progress from there to lock onto the sun.  It was 
concluded that this is probably due to the emitter on/off function. 
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After doing some research into the heating potential of the infrared wavelength, it was 
concluded that using the commercial IR Filter and Floppy Disc had the potential to cause 
damage to the instrument.  While the likelihood of this is not high, due to the expensive 
nature of surveying instruments and their cost of repair, it was decided to remove them 
from the final two of the tests. 
 
When pointing directly at the sun the remaining filter lenses would not lock onto the sun, 
and once again it was concluded that this was due to the emitter on/off function.  It 
should be noted however that during the accuracy testing at the range, the instrument 
would on occasion automatically lock onto the sun without having to use the prism hiding 
technique. 
 
The result of the filter lens testing was the 785BP20 was concluded to be the safest filter 
lens for instrument and personnel, while providing results using the “prism hiding 
technique”.
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4.2 Refraction Testing 
 
Table 3 Results from Refraction testing 
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Figure 28 Deviation of horizontal angle from 8 set average 
 
4.2.1 Analysis of Results 
As can be seen by Figure 28, which shows the results of testing over a small baseline the 
filter lens appears refract the beam 43.3”, but by taking two faces to the prism this error 
was negated.  This gave an error in the horizontal circle 2.2” when compared to without 
the prism.  Similar results were obtained (1.4”) when examination of the vertical circle was 
made.  It is probable that this error is due to imperfections in the lens’ construction. 
 
The refraction of the beam is 25.6” 
higher than the predicted 17.7”, but 
considering its’ cost, it does not appear 
to be of very precise construction.  
These results however show that when 
using two faces the refraction of the 
beam is negated when taking the 
average of the two faces (Figure 29).  
 
It is also interesting to note here that 
the distance when the filter lens is in 
place is 0.097, which would most likely 
be a distance being taken to the 
reflective coating on the filter lens. 
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Figure 29 Refraction of beam, calculated and measured 
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4.3 Sun observation testing  
4.3.1 Day 1. 
Date: 3/7/2011 (Mid winter) 
Location: Nixon’s Spike with backsight to SSM99412 
Purpose: To acquire some test data for program compilation and debugging and test the 
accuracy of sun observation methods over the period of a day. 
Control Values: 
Station – MGA56, E 321806.773, N 6255569.105 
Backsight – MGA56, E 322135.13, N 6255788.517 
Procedure Used:  
1. Set a known backsight and take 12 sets of observations to the sun at hourly intervals 
between the local times of 7am to 5pm.  The sets were measured by taking 12 face left 
readings, plunging the telescope and taking 12 face right readings.  No analysis of the 
results was made in the field to highlight outliers. On average it took approximate 6 
minutes to acquire the 24 taken readings for each set. 
2. At 3 hourly intervals observations were taken using VRS RTK GPS readings to compare 
orientation methods. 
 
4.3.2 Day 2 
Date: 13/8/2011 (Late winter) 
Location: Nixon’s Spike with backsight to SSM99412 
Purpose: To acquire data for analysis of non automated methods for taking sun 
observations. 
Control Values: 
Station – MGA56, E 321806.773, N 6255569.105 
Backsight – MGA56, E 322135.13, N 6255788.517 
Procedure Used:  
1. Set a known backsight and take 7 sets of observations to the sun.  The sets were 
measured by taking 12 face left readings, plunging the telescope and taking 12 face right 
readings.  The observations were taken by manually lining the vertical crosshair up with 
the opposing edges of the sun in relevant face.   No analysis of the results was made in the 
field to highlight outliers. On average it took approximate 6 minutes to acquire the 24 
readings taken for each set.  The readings were taken between 1pm and 2.30pm local 
time. 
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4.4 Typical results from set 
Table 4 Observations from Day 1 Set 2 at 8am 
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The results shown in Table 4 were taken from the second set on day 1, measured at 8am 
local time.  On this set the average result of 14 sets was 7.4” different to the calculated 
azimuth from Nixon’s Spike to SSM99412.  The standard deviation of the measurements 
when using the variance around a single face was averaged at 12.2”.  This means there 
was on average 12.2” of movement in the acquisition of values when using the method.  
The range of this set is 63.8” with a maximum deviation from the mean of 40.3”.  As no 
checking of results was completed in the field, possible outliers like this have not have 
been identified and removed.  They have also been left in the calculations to show the 
potential errors likely from using a single set as outliers using a single set may not be 
identified.   
 
This table is provided to assist identifying where values shown in the following graphs 
have been obtained.  A full listing of all readings for both days of observations can be 
found in Appendix D. 
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4.5 Comparing results to themselves 
4.5.1 Difference of single observation from true grid bearing 
 
 
Figure 30 Difference from True Grid Bearing of single face observations 
 
 
Figure 30 shows the difference between the true grid bearing of the test line compared to 
a single observation.  As can be seen, similar results have been obtained to the refraction 
testing, where the difference in the opposing face of the total station makes an azimuth 
difference of around 60”.  This is due to the imperfect construction of the filter lens.  The 
change in direction of refraction at Set 7 was due to the removal of the filter lens and 
replacement upside down.  The average of each face set has been shown here also to 
show the variance around the face set mean.  The observations can be seen to be 
oscillating evenly around the 0” mark, giving the indication that the results will be of an 
acceptable quality for analysis.  
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4.5.2 Variance of single face set observations around their mean. 
 
 
Figure 31 Difference of single face observations from 12 single face set mean  
 
Figure 31 shows the variance of the observations around the face set mean.  To calculate 
the values, a single observation was compared to the average of a 12 observation single 
face set.  A standard deviation of 12” was observed over the entire day.  Most of the 
results appear to be within 20”, and the application of a rejection interval of 2 standard 
deviations for the final program was found to be appropriate.   
 
These values are important as they show the accuracy that can be obtained using the 
method outlined in this thesis, namely the use of ATR tracking of the sun.  The results 
show that there is still significant variation of observations even with 90% of human error 
removed.  It is interesting to note that Set 3, Set 11, the face left observations of Set 5 and 
Set 9 and face right observations for Set 6 all show exceptional results. 
 
Set 4 in face left and Sets 7 and 10 in face right had some amount of cloud cover which 
delayed their observation time and also helps to assess the ramifications of cloud cover on 
the observations. 
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The final program has a variance calculator implemented, but it was not used in these 
observations for the purpose of removing outliers. If two standard deviations were 
applied as a rejection criterion, 15 of the 264 observations would be removed.  If a 
compounding rejection criterion of 2 standard deviations was used, where the standard 
deviation is recalculated as each value was removed, 28 if the 264 of the observations 
would be removed, with improved results in 11 of the sets. 
 
 
Figure 32 Variance with outliers above two standard deviations removed 
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A second day of observations was taken to compare the use of the ATR method compared 
with the standard manual pointing method.  The observations were taken to the opposing 
edges of the sun in different faces to obtain values for comparison.   
 
 
Figure 33 Variance from single face mean when using non ATR method to read angle to sun 
 
As can be seen from the Figure 33, using the same vertical scale as the previous figures, 
the amount of variance using a non ATR method is larger than using the ATR to lock on to 
the sun, and some of the observations are off the 60” scale.  The average standard 
deviation around the single face mean in this case was 27”. 
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Figure 34 Comparison of Variance around single face mean using Automated and Non Automated 
methods 
 
As shown by Figure 34 when examining the two methods, using the same techniques 
except for the pointing method, the automated method gives superior results to using the 
manual edge of the sun method, in terms of the variance of the observations around the 
mean. 
 
Hashimi 2005 experienced a similar standard deviation of 27” over 24 observations using 
non ATR techniques and manual base-time synchronization. While Hashimi doesn’t list the 
accuracy of the instrument he is using, it is assumed to be an instrument with an angular 
accuracy of 3-5”.  It could be concluded from both of these results that the automated 
method gives superior results to maunal pointing techniques. 
 
 
Figure 35 Variance of Observations around mean by Hashimi 2005 
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4.5.3 Comparing time taken to record set compared to standard deviation 
 
 
 
Figure 36 Standard Deviation compared to time taken to make 12 observations  
 
The purpose of Figure 36 is to examine if there is any correlation in the amount of time 
taken to make the observation compared to the relative accuracy achieved.  Two things 
can be concluded from this graph.  The best results from the observations all had low 
observation times, but outside this range the accuracy to time doesn’t seem to be 
affected by time.  For clarity Set 1 face left has been excluded from this graph, which took 
858 seconds to complete and gave a standard deviation of 15”.  This further enforces the 
conclusion that accuracy is not always affected by the recording time interval. 
 
It is probable that there is still an amount of human or timing errors involved in the 
observations, as it would appear here that where the method was working efficiently 
(taking low amounts of time) good results could be obtained, but this was not always the 
case. 
 
The worst result shown here is from the face left of set 4, where the observations 
continued while the sun was covered by light cloud.  It is probable that this was due to the 
ATR locking giving errors due to the obstruction from the differing levels of cloud 
thickness.  This shows that observations should only be made to an unobstructed sun.  
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4.6 Comparing results to true grid bearing  
4.6.1 Average using a single set of observations 
 
 
Figure 37 Accuracy using a single set of observations 
 
 
Figure 37 shows the potential accuracy that can be obtained using NSOD to make solar 
observations if the average of only one face left and one face right observation where 
obtained.  This graph gives a standard deviation for the method of 13”, but the important 
feature of this graph is the range, which is 60”.  This translates to an accuracy using a 
single set of +/-35” in a worst-case scenario.  A typical single set observation would take 
approximately 1 minute to complete. 
 
4.6.2 Results of accuracy over the course of a day 
Figure 37 also gives a good indication of the accuracy of the observations over the course 
of a day.  It was predicted that between the hours of 10am and 2pm there was a 
possibility for inaccuracies due to the speed at which the sun was traversing across the 
sky.  While set 8 at 2pm has the worst results of the day, the three preceding sets which 
would also be taken during the non recommended period show excellent results with 
most observations under 15”.  It is possible that another factor may have been 
responsible for the poor observations during set 8.  However these observations were 
taken during the southern hemispherical winter, where the sun is only travelling at 
approximately 15” per second of time. 
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4.6.3 Average of two sets of observations 
 
 
 
Figure 38 Accuracy using two sets of observations 
 
Figure 38 shows the potential accuracy obtained when taking the average of 2 sets or 4 
observations, 2 in each face.  The standard deviation using 2 sets is reduced to 12”, a 1” 
improvement on the single set, and the range is reduced to 51”, and 9” improvement on 
the single set method.  This translates to an accuracy of +/-32” in a worst case scenario, 
but many of the observations have obtained results far superior to this.  A typical two set 
observation would take approximately 1.5 minutes. 
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4.6.4 Average using of four sets of observations 
 
 
Figure 39 Accuracy using four sets of observations 
 
 
Figure 39 shows the potential accuracy obtained when taking the average of 4 sets or 8 
observations, 4 in each face.  The standard deviation using 4 sets is reduced to 11”, a 2” 
improvement on the single set, and the range is reduced to 46”, and 13” improvement on 
the single set method.  This translates to an accuracy of +/-32” in a worst case scenario, 
but many of the observations have obtained results far superior to this.  A typical four set 
observation would take approximately 3 minutes. 
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4.6.5 Average using 12 sets of Observations 
 
 
 
Figure 40 Accuracy using 12 sets of observations 
  
Figure 40 shows the potential accuracy obtained when taking the average of 12 sets or 24 
observations, 12 in each face.  The standard deviation using 12 sets is reduced to 9.5” and 
the range is reduced to 30”.  With the exception of Set 3 and Set 8, all sets have achieved 
an accuracy of better than 10”.  This would be the recommended number of sets for a 
solar observation to obtain a tertiary level accuracy.  To get an idea of the ramifications of 
this accuracy over a distance of 100 meters 10” equates to an error of 5mm.  Taking 12 
sets also assists with the identification and removal of outliers in the records, as the 
method used to track the sun still requires some manual operations, until the emitter 
on/off function can be switched off. 
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4.6.6 Comparison of different amounts of sets compared to accuracy 
 
 
Figure 41 Statistic’s related to use of multiple sets 
 
 
Figure 41 shows that on average the results of a twelve set average give an acceptable 
accuracy for use for secondary and tertiary control.  There is little difference in the 
standard deviation and average of the results as they are from the same data set.  The 
increase in accuracy is mostly due to the reduction in the effect of outliers in the data by 
averaging.  This can be seen in the 10” improvement in the range.   
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4.6.7 Comparsion of ATR and Non ATR 12 set averages 
 
 
Figure 42 Comparison of accuracy of Azimuth using ATR and non ATR methods 
 
The results of the 7 non ATR sets from the second observation day were compared to the 
ATR sets between 10am and 4pm from the first observation day.  As can be seen in 
accuracy achieved using the ATR method gave superior results.  Using the non ATR 
method a standard deviation of 14” was found with a range of 43”. 
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4.7 Comparing Solar to GPS Observations 
4.7.1 Accuracy of Virtual Reference Station Acquired GPS Marks 
 
Table 5 GPS observed positions compared to control values 
Measured Values Average Variance Standard Deviation 
Point East North Avg East Avg North East North SD 
9412 322135.118 6255788.544 322135.111 6255788.540 -0.007 -0.004 0.010 0.009 
9412 322135.118 6255788.548 -0.007 -0.008 
9412 322135.098 6255788.528 0.014 0.012 
NS01 321806.770 6255569.127 321806.766 6255569.130 -0.004 0.003 0.004 0.002 
NS01 321806.768 6255569.133 -0.002 -0.003 
NS01 321806.760 6255569.131 0.006 0.000 
Measured Values Control from Geodetic Supplier Variance Standard Deviation 
Point East North East North East North East North 
9412 322135.118 6255788.544 322135.130 6255788.517 0.012 -0.027 0.010 0.009 
9412 322135.118 6255788.548 0.012 -0.031 
9412 322135.098 6255788.528 0.033 -0.011 
NS01 321806.770 6255569.127 321806.733 6255569.105 -0.037 -0.022 0.004 0.002 
NS01 321806.768 6255569.133 -0.035 -0.028 
NS01 321806.760 6255569.131 -0.027 -0.025 
 
Table 5 shows the results obtained on the marks Nixon’s Spike (NS01) and SSM99412 from 
a GPS using Real Time Kinematic (RTK) results from the Land and Property Information’s 
Continuously Operating Reference System (CORS).  They were acquired using the Virtual 
Reference Station (VRS) method, which uses information from a number of GPS base 
stations in the area to acquire a position.  The three measurements were taken at 9am, 
12pm and 3pm.   SSM99412 was deliberately chosen in an area with 30% obstructed tree 
cover to simulate conditions that are typical in an urban and semi rural environment, 
while NS01 has perfect visibility of the sky.  
 
As the GPS would tend to be used in a single observation the maximum deviation from the 
average is important to this study. 
• When compared to its’ measured average results SSM99412 shows a maximum 
deviation of 18mm, which over the testing range distance of 350m equates to 11”. 
• When compared to its’ measured average results Nixon’s Spike shows a maximum 
deviation of 6mm, which over the testing range distance of 350m equates to 4”. 
• If both of these errors were at their maximum, the relative accuracy of these 
measurements over the testing range of 350m would be 15” 
• When compared to the values from the traverse and data supplied by the 
Department of Lands NSW, SSM99412 shows maximum deviation of 35mm, which 
over the testing range distance of 350m equates to 21”. 
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• When compared to the values from the traverse Nixon’s Spike shows maximum 
deviation of 44mm, which over the testing range distance of 350m equates to 25”. 
• If both of these errors were at their maximum, the accuracy of these 
measurements over the testing range of 350m would be 46”.   
 
While it is unlikely that a surveyor would use observations from a GPS without connecting 
and checking onto local control, with more spatial professionals using VRS style 
observations for their work, this type of accuracy of observations may become more 
commonplace.  It is also important to realise that the geodetic networks in an area also 
have their own level of accuracy, and consideration should be given to the validity of the 
supplied values.   
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4.7.2 Comparing GPS derived azimuth with solar determined azimuth 
 
 
Figure 43 Azimuth determined from Solar and GPS observations 
 
Figure 43 demonstrates the accuracy that was obtained in the azimuth to the backsight via 
the Sun Observation and RTK GPS methods.  The GPS observations used the coordinates 
directly from the GPS, shown here in green, in comparison to the Control Values.  The 
values shown here in red simulate setting up over a mark of known coordinates and using 
an RTK GPS observation as a backsight. 
 
As can be seen by the results, 72% of the time, the solar observations give results that are 
more accurate than both of the GPS methods.  The GPS methods both give a similar 
accuracy, as the backsight had less than ideal conditions to observe GPS readings, but this 
amount of coverage is common to the majority of RTK GPS readings.  Once again emphasis 
should be placed on the possible inaccuracy of the supplied geodetic control; however this 
would tend not to agree with the results of the solar observations. 
 
If a local block shift were performed to move the coordinates to SSM99412 the results of 
the bearing would remain the same as the values shown here in green.  The relative 
coordinate values from the GPS have no effect on the bearing between the two points. 
 
It should also be pointed out that there may appear to be more observations recorded to 
determine the solar azimuths, but the GPS reading were taken over a minute each 
recording, meaning there are 180 averaged measurements were taken at each point, 60 
during each setup, however these observations were automatically averaged by the 
equipment.  
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Chapter 5. Conclusion 
 
This report has demonstrated that the sun can be tracked using the ATR built into modern 
robotic total stations.  The 785BP20 bandpass filter was found through experimentation to 
be the ideal filter lens for taking solar observations while protecting both the equipment 
and personnel.  It was found that for a small window of time the instrument would track 
the sun, at which point a recording could be made.   
 
Due to the poor construction of the filter lens, and its high error of parallelism, care needs 
to be taken to observe readings in both faces to negate this error.  The extra time required 
to take the face right readings is accounted for by the low cost of the filter lens, especially 
when compared to conventional protective filter lenses, which offer no facilities for solar 
tracking, and it is considered good practice to read angles in both faces when performing 
control related survey activities. 
 
A technique has been developed and supplied in this report for taking solar observations 
with a Leica TPS1203+ instrument, which is a common survey instrument used throughout 
the survey profession.  
 
The ATR on the instrument using the 785BP20 will not track the sun through cloud, and 
the accuracy is affected by light cloud.  This is most likely due to the misalignment of the 
ATR “blob detection” algorithm, or a lack of light penetrating the solar filter. 
 
Using the ATR to take solar observations combined with GPS time was found to give 
oscillations around a single face mean of 12”.  This is possible due to the operator still 
being required to press a button to record the reading, as some sets had consistent results 
of similar accuracy to the specified angular accuracy of the instrument. 
 
When compared to manual pointing methods, the automated method using the ATR gave 
superior results in terms of the variance around the single face mean.  It also gave a 
greater accuracy in terms of the absolute azimuth obtained. 
 
By using this technique, it can be concluded from this report that there is a reduction, 
when using the ATR tracking, in the amount of human error that influences solar 
observations, when compared to observations taken by using conventional or less 
automated techniques.  
 
It was found that the results of the observations became more accurate when more 
readings were taken.  As a result of this report it is recommended to take at least 12 sets 
of readings to acquire an azimuth, which using the techniques shown should take 
approximately 6 minutes to complete.  This is to ensure that outliers due to human and 
atmospheric (weather) errors can be identified and removed from the observations. 
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The technique shown here is for use on current instruments, as they are required to be 
“tricked” in order to track the sun.  If the emitter on/off function could be turned off, then 
it is concluded that the instrument would continuously track the sun.  If this facility were 
made available, then recordings could be made at the rate at which the ATR makes 
corrections, leading to much higher levels of data and possibly greater accuracies than 
have been presented here.     
 
While some research has been undertaken into using total station to perform celestial 
azimuth observations, it has been shown that this has never been performed using the 
tracking systems available in robotic instruments.  The research, theory and methodology 
presented here show that it is theoretically possible to economically, and accurately 
obtain an azimuth using the ATR inside a modern total station.  This method has the 
possibility to include another technique to the modern surveyor’s knowledge, for 
exploitation in appropriate conditions. 
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Chapter 6. Further Research 
 
6.1 Instruments 
 
The solar tracking has only been tested on a Leica TPS1203+ total station.  There are many 
other brands of instrument which use prim tracking techniques.  Most instruments use the 
“blob detection” method using an onboard camera, however there is the possibility that 
some instruments do not use this method, for example the early robotic instruments used 
the intensity of return for tracking.  Research could be done into other methods of 
tracking, exploiting features on other similar instruments.  The Leica TS15 has colour 
imaging capabilities with the ability to output to GEOCOM interfaces, which has huge 
potential for exploitation in the tracking and object identification area.  
 
Could this tracking technology be applied to other celestial bodies, such as the stars, 
planets,and the moon? Closer to earth GPS satellites broadcast a signal, and would have a 
transmission focal point, as well as a transmitted position, reducing the need for 
almanacs. 
 
The GPS used for the timing during this project is a low positional accuracy receiver.  It 
was not examined if better results could be obtained by connection to a high accuracy 
differential receiver.  Also many GPS’s use a pulse method for more accurate time 
determination, whereas this project used only the transmission of the NMEA string to 
acquire time. 
 
6.2 Filters 
 
While extensive testing has not been done on the filter lenses available on the market, 
research could be done into finding filter lenses which remove the effect of cloud cover.  
This could also be performed pre or post telescope by computer imaging.  The sun is often 
visible in light to medium cloud cover, and the ability to track it during these periods 
would add value to the technique. 
 
The polarisation of lenses such as the automatic darking of welding lenses could have 
potential for insertion into a survey instrument, to negate the need for a removable lens.  
Research could be undertaken to determine if this is possible, and what is required to 
continue to allow solar tracking to take place. 
 
6.3 Accuracy 
 
The filter lens was only tested over 2 days at a low altitude.  Changes in altitude and 
latitude may have some effect on the reading, and readings over varied baselines would 
be beneficial in proving the technique is valid. 
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The testing was also done during the winter months where the sun’s passage across the 
sky is slower than in the summer.  While testing during these months is currently planned, 
the results of these observations are unlikely to be published with this report. 
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Appendix B. Expansion on References 
Some of the main literature and an overview relating to the project is listed here: 
Comparing GPS to Celestial Derived Azimuths  
Dimal, MORL & Balicanta, LP 2009, 'Comparative Analysis of GPS Azimuth and Derived 
Azmiuth for the establishment of Project Controls' 
Dimal and Balicanta compared GPS derived azimuths to those derived from solar 
observations over a number of test lines around the Philippine Archipelago, also examining 
the effects latitude and elevation had on the results. 
 
Lambrou, E & Pantazis, G 2008, 'Astronomical Azimuth Determination by the Hour Angle 
of Polaris Using Ordinary Total Stations', Survey Review, vol. 40, no. 308, pp. 164-72. 
Lambrou and Pantazis assessed the accuracy of taking observations to the star Polaris in 
the northern hemisphere, and incorporated timing techniques from a GPS receiver when 
taking these observations.  They detailed some of the advantages modern total stations 
have over theodolites. 
 
Hashimi, PSR 2005, 'Solar Observations Using Total Stations - Phenomenal Results', Ferris 
State University. 
Hashimi and his students took observations to the sun, with a retrofitted Roelof’s Prism 
mounted over the front of the total station.  He details the advantages modern total 
stations have over theodolites. 
 
Hamilton, J 2002, Azimuth in Control Surveys, Terrasurv 
Hamilton examined the different methods for establishing azimuth, including GPS, Solar, 
Triangulation and Astronomic Azimuths, and presents in-depth procedures on taking Solar 
and Polaris observations. 
 
Automatic Target Recognition 
Weyman-Jones, A 2010, 'An investigation into the accuracy and limitations of automatic 
target recognition in total stations', University of Southern Queensland. 
Weyman-Jones completed a study into what the effects of obstructions placed in front of 
the total station have on the ATR readings.  This report is mainly referenced for the 
compiled in-depth information on the ATR system and how it works. 
 
Bayoud, FA 2006, 'Leica's Pinpoint EDM Technology with Modified Signal Processing and 
Novel Optomechanical Features', paper presented to FIG, Munich. 
Bayoud presented a paper explaining the fundamentals of Leica’s total station measuring 
technology.  This paper is one of the only references to the emitter on/off function, and 
presents a study of how ATR works. 
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Kirschner, H & Stempfhuber, W 2008, 'The Kinematic Potential of Modern Tracking Total 
Stations - A State of the Art Report on the Leica TPS1200+', paper presented to 1st 
International Conference on Machine Control. 
This paper lists the technical subsystems of the robotic control of motorized total stations, 
and has an in depth study of the ATR system.  It also presents a study of the total station in 
kinematic mode or continuously tracking mode. 
 
Solar Ephemeris Calculations 
Bennet G. 1980, 'A Solar Ephemeris for Use with Programmable Calculators', The 
Australian Surveyor, vol. 30, no. 3, pp. 148-9. 
Bennet outlines a basic algorithm for calculating Right ascension and Declination for the 
years 1980-2000.  He explains some of the fundamentals involved in the calculations and 
their origins. 
 
Craymer, MR 1984, Azimuth Determination from Observations on Polaris and the Sun, 
University of Toronto, Mississauga. 
Craymer presents a more in depth study of factors relating to solar observation calculation 
and published algorithms for ephemeris calculations, as well as an example FORTRAN 
program in the back of the report. 
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Appendix C. Sun Azimuth Program 
 
Introduction 
 
The program was written in Visual Basic 6 as a Visual Basic Project.  The main coding has 
been attached to the forms.  The program requires GComS2K120.dll to communicate with 
a Leica Total Station.  The layout of this appendix will be divided into the separate files 
used by the program.  The file name is listed at the top of the boxed area and the contents 
of the file are inside the box.  In some areas there are automatic linefeeds, which will 
cause problems with a copy and paste. The note “Note:Linefeed above” has been put in 
these areas assist with identification. 
 
In order to cut down on the document size the two forms have been shown as diagrams 
with the name of operating properties labelled.  These forms will need to be remade by 
the re-compiler using the supplied names.  All other objects in the form are superfluous 
data. 
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SunAz.vbp 
Type=Exe 
Reference=*\G{00020430-0000-0000-C000-000000000046}#2.0#0#C:\WINDOWS\system32\stdole2.tlb#OLE Automation 
Module=Module1; COM_StubsPub.BAS 
Object={831FDD16-0C5C-11D2-A9FC-0000F8754DA1}#2.0#0; MSCOMCTL.OCX 
Form=SunAZ_Main.frm 
Form=SunAz_Setup.frm 
Class=VB6NmeaInterpreter; VB6NmeaInterpreter.cls 
Object={648A5603-2C6E-101B-82B6-000000000014}#1.1#0; MSCOMM32.OCX 
Reference=*\G{00025E01-0000-0000-C000-000000000046}#4.0#0#C:\Program Files\Common Files\Microsoft 
Shared\DAO\DAO350.DLL#Microsoft DAO 3.51 Object Library 
Object={F9043C88-F6F2-101A-A3C9-08002B2F49FB}#1.2#0; comdlg32.ocx 
Startup="Mainform" 
HelpFile="" 
Command32="" 
Name="sunAz" 
HelpContextID="0" 
CompatibleMode="0" 
MajorVer=1 
MinorVer=0 
RevisionVer=0 
AutoIncrementVer=0 
ServerSupportFiles=0 
VersionCompanyName=" s" 
CompilationType=0 
OptimizationType=0 
FavorPentiumPro(tm)=0 
CodeViewDebugInfo=0 
NoAliasing=0 
BoundsCheck=0 
OverflowCheck=0 
FlPointCheck=0 
FDIVCheck=0 
UnroundedFP=0 
StartMode=0 
Unattended=0 
Retained=0 
ThreadPerObject=0 
MaxNumberOfThreads=1 
 
[MS Transaction Server] 
AutoRefresh=1 
 
SunAz.vbw 
Module1 = 21, 13, 578, 366,  
Mainform = 22, 22, 286, 358, Z, 88, 88, 374, 424, C 
SunAz_Setup = 44, 44, 419, 315, , 66, 66, 352, 402, C 
VB6NmeaInterpreter = 154, 154, 711, 507,   
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COM_StubsPub.BAS 
Attribute VB_Name = "Module1" 
'// Project    : Survey2000 
'// Component  : COM 
'// File       : COM_StubsPub.BAS 
'// Summary    : GeoCOM RPC interface 
'//              Generated remote-procedure-call interface module 
'//              This file should not need to be edited. 
'// Development: Environment:             Microsoft Visual Basic 6.0 
'//              RPC-Generator version:   3.02 SURVEY2000 
'//              RPC-Generator date:      Jun 23 2004 
'//              File Generation date:    Wed Nov 29 14:43:53 2006 
'//              Stubs name:              STUBSSURVEY2000_DLL 
'// -------------------------------------------------------------------------------------------------------------------- 
'// Copyright by Leica Geosystems AG, Heerbrugg 
'// Reduced by Phillip Nixon for Sun Azimuth Program Publishing.   
‘//It is recommended to retrieve original if modifications are required 
#If Win32 Then 
 
' Global constant declarations 
Global Const GRC_OK = 0 
Global Const TMC_AUTO_INC = 1 
 
' Structure definitions 
Type DATE_TYPE 
    Year As Integer 
    Month As Byte 
    Day As Byte 
End Type 
 
Type TIME_TYPE 
    Hour As Byte 
    Minute As Byte 
    Second As Byte 
    cPadding As Byte 
End Type 
 
Type DATIME 
    Date As DATE_TYPE 
    Time As TIME_TYPE 
End Type 
 
Type TMC_INCLINE 
    dCrossIncline As Double 
    dLengthIncline As Double 
    dAccuracyIncline As Double 
    InclineTime As Long 
End Type 
 
Type TMC_ANGLE 
    dHz As Double 
    dV As Double 
    dAngleAccuracy As Double 
    AngleTime As Long 
    Incline As TMC_INCLINE 
    eFace As Long 
End Type 
 
Type TMC_STATION 
    dE0 As Double 
    dN0 As Double 
    dH0 As Double 
    dHi As Double 
End Type 
 
' Enumerated type COM_PORT 
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Global Const COM_1 = 0 
Global Const COM_2 = 1 
Global Const COM_3 = 2 
Global Const COM_4 = 3 
 
' Enumerated type COM_FORMAT 
 
Global Const COM_ASCII = 0 
Global Const COM_BINARY = 1 
 
' Enumerated type' Enumerated type COM_BAUD_RATE 
 
Global Const COM_BAUD_38400 = 0 
Global Const COM_BAUD_19200 = 1 
Global Const COM_BAUD_9600 = 2 
Global Const COM_BAUD_4800 = 3 
Global Const COM_BAUD_2400 = 4 
Global Const COM_BAUD_115200 = 5 
Global Const COM_BAUD_57600 = 6 
 
' Geocom public local functions 
Declare Function VB_COM_Init Lib "GCOMS2K120.DLL" () As Integer 
Declare Function VB_COM_End Lib "GCOMS2K120.DLL" () As Integer 
Declare Function VB_COM_OpenConnection Lib "GCOMS2K120.DLL" (ByVal Port As Long, Baud As Long, ByVal Retries As Integer) As 
Integer 
‘Note: Linefeed above 
Declare Function VB_COM_CloseConnection Lib "GCOMS2K120.DLL" () As Integer 
Declare Function VB_COM_SetComFormat Lib "GCOMS2K120.DLL" (ByVal Format As Long) As Integer 
Declare Function VB_COM_SetTimeOut Lib "GCOMS2K120.DLL" (ByVal Timeout As Integer) As Integer 
Declare Function VB_COM_ViewError Lib "GCOMS2K120.DLL" (ByVal RetCode As Integer, ByVal szMsgTitle As String) As Integer 
 
' Remote functions 
Declare Function VB_TMC_GetAngle1 Lib "GCOMS2K120.DLL" (out1 As TMC_ANGLE, in2 As Long) As Integer 
Declare Function VB_TMC_GetStation Lib "GCOMS2K120.DLL" (out1 As TMC_STATION) As Integer 
Declare Function VB_TMC_SetOrientation Lib "GCOMS2K120.DLL" (in1 As Double) As Integer 
 
#End If 
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VB6NmeaInterpreter.cls 
VERSION 1.0 CLASS 
BEGIN 
  MultiUse = -1  'True 
  Persistable = 0  'NotPersistable 
  DataBindingBehavior = 0  'vbNone 
  DataSourceBehavior  = 0  'vbNone 
  MTSTransactionMode  = 0  'NotAnMTSObject 
END 
Attribute VB_Name = "VB6NmeaInterpreter" 
Attribute VB_GlobalNameSpace = False 
Attribute VB_Creatable = True 
Attribute VB_PredeclaredId = False 
Attribute VB_Exposed = False 
'******************************************************************************************** 
'                           Class VB6NmeaInterpreter 
'                          A VB6   NMEA interpreter 
'   Initially derived from Jon Person's VB.NET  NMEA interpreter info@gpsdotnet.com 
'                    Alex Etchells  2006    a.etchells@gmail.com 
' 
' differences from Jon Person's VB.NET  NMEA interpreter:- 
' 1 lacks international support 
' 2 assumes the user will want GMT, British date format and speed in knots. 
' 3 does not check for speeds in excess of 55mph. 
' 4 DateTimeChanged event handler is replaced by separate events for date and time 
' 5 Parses    $GPGGA (Fix data) and $GPGLL(Position) 
'             in addition to $GPGSA (Active satellites) 
'                            $GPGSV (Satellites in View) 
'                            $GPRMC (Position and Time)   NMEA sentences 
' 6 SatelliteReceived event includes 'satelliteNumber' - the channel (1 to 12) being used for this satellite 
' 7 The Following new event handlers 
'   PositionFixReceived 
'   SatellitesUsedReceived 
'   AltitudeReceived 
'   AltitudeUnitsReceived 
'   GeoidSeparationReceived 
'   GeoidSeparationUnitsReceived 
'   DGPSageReceived 
'   DGPSstationIDReceived 
'   AutoManModeReceived 
'   Mode3DReceived 
'   Ch1SatReceived 
'   Ch2SatReceived 
'   Ch3SatReceived 
'   Ch4SatReceived 
'   Ch5SatReceived 
'   Ch6SatReceived 
'   Ch7SatReceived 
'   Ch8SatReceived 
'   Ch9SatReceived 
'   Ch10SatReceived 
'   Ch11SatReceived 
'   Ch12SatReceived 
'   SatellitesInViewReceived 
'******************************************************************************************** 
'// Reduced by Phillip Nixon for Sun Azimuth Program Publshing.   
‘//It is recommended to retrieve orignal if modifcations are required 
Option Explicit 
 
'DECLARATIONS 
 
Dim words() As String 
Dim satelliteTime As String 
Dim satelliteDate As String 
Dim noOfMessages As Integer 
 
'EVENTS 
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Public Event TimeChanged(ByVal Time As String) 
Public Event DateChanged(ByVal satDate As String) 
 
'FUNCTIONS 
 
' Processes information from the GPS receiver 
 Public Function Parse(ByVal sentence As String) As Boolean 
  ' Discard the sentence if its checksum does not match calculated checksum 
  If Not IsValid(sentence) Then 
    Parse = False 
    Exit Function 
  End If 
  ' Divide the sentence into words and Look at the first word to decide where to go next 
  Select Case GetWords(sentence)(0) 
   Case "$GPRMC"    ' A "Recommended Minimum" sentence was found! 
    ' Indicate that the sentence was recognised 
    Parse = ParseGPRMC(sentence) 
    Exit Function 
   Case Else 
    ' Indicate that the sentence was not recognised 
    Parse = False 
    Exit Function 
  End Select 
 End Function 
  
 ' Divides a sentence into individual words 
Private Function GetWords(ByVal sentence As String) As String() 
  'strip off final * + checksum 
  If Len(sentence) > 3 Then sentence = Left$(sentence, Len(sentence) - 3) 
  ' Divide sentence into individual words 
  GetWords = Split(sentence, ",") 
End Function 
 
 
 Private Function ParseGPRMC(ByVal sentence As String) As Boolean  ' Interprets a $GPRMC message 
  ' Divide the sentence into words 
  words = GetWords(sentence) 
   ' Do we have enough values to parse satellite-derived time? 
  If words(1) <> vbNullString Then Call GetTime(words(1)) 
    'Date 
  If words(9) <> vbNullString Then GetDate (words(9)) 
   ' Indicate that the sentence was recognised 
 
  ParseGPRMC = True 
  Exit Function 
 End Function 
  
   
 ' Returns True if a sentence's checksum matches the calculated checksum 
 Private Function IsValid(ByVal sentence As String) As Boolean 
  ' Compare the characters after the asterisk to the calculation 
  If Right$(sentence, 2) = GetChecksum(sentence) Then 
    IsValid = True 
  Else 
    IsValid = False 
  End If 
End Function 
  
Private Function GetChecksum(ByVal sentence As String) As String ' Calculates the checksum for a sentence 
   
  Dim Character As String 
  Dim charCount As Integer 
  Dim Checksum As Integer 
  For charCount = 1 To Len(sentence)     ' Loop through all chars to get a checksum 
   Character = Right$(Left$(sentence, charCount), 1) 
   Select Case Character 
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    Case "$" 
     ' Ignore the dollar sign 
    Case "*" 
     ' Stop processing before the asterisk 
     Exit For 
    Case Else 
     ' Is this the first value for the checksum? 
     If Checksum = 0 Then 
      ' Yes. Set the checksum to the value 
      Checksum = Val(Asc(Character)) 
     Else 
      ' No. XOR the checksum with this character's value 
      Checksum = Checksum Xor Val(Asc(Character)) 
     End If 
   End Select 
  Next charCount 
  ' Return the checksum formatted as a two-character hexadecimal 
  GetChecksum = Right$("00" & Hex(Checksum), 2) 
End Function 
 
'SUBROUTINES 
 
Private Sub GetTime(ByVal word As String) 
   satelliteTime = Left$(word, 2) + ":" + Mid$(word, 3, 2) + ":" + Mid$(word, 5, 2) 
   ' Extract milliseconds if it is available 
   If Len(word) > 7 Then satelliteTime = satelliteTime + Mid$(word, 7, Len(word) - 6) 
   satelliteTime = satelliteTime + " GMT" 
   RaiseEvent TimeChanged(satelliteTime) 
End Sub 
 
Private Sub GetDate(ByVal word As String) 
   satelliteDate = Left$(word, 2) + "/" + Mid$(word, 3, 2) + "/" + Mid$(word, 5, 2) 
   RaiseEvent DateChanged(satelliteDate) 
End Sub 
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SunAz_Setup.frm 
 
 
Option Explicit ' Require explicit variable declaration 
 
Private Sub butGetGeoidFile_Click() 
 
CommonDialog1.DialogTitle = "Select File..." 
CommonDialog1.ShowOpen 
If Len(CommonDialog1.FileName) <> 0 Then 
TxtGeoidFile.Text = CommonDialog1.FileName 
End If 
 
End Sub 
 
Private Sub butGetLogFile_Click() 
 
CommonDialog1.DialogTitle = "Select File..." 
CommonDialog1.ShowOpen 
If Len(CommonDialog1.FileName) <> 0 Then 
TxtLogfile.Text = CommonDialog1.FileName 
End If 
 
End Sub 
 
' function initializes the setup form 
Private Sub Form_Load() 
 
  ' set port selection control on current port 
  If Mainform.ComPort = COM_1 Then 
    optPortSelection(0).Value = True 
  Else 
    optPortSelection(1).Value = True 
  End If 
   
    If Mainform.gpsComPort = 2 Then 
    optgpsPortSelection(1).Value = True 
  Else 
    optgpsPortSelection(0).Value = True 
  End If 
     
  ' set baudrate selection control on current baudrate 
optPortSelection 
(index 0 & 1) 
optgpsPortSelection 
(index 1 & 0) 
optBaudrateSelection 
(indexes 5,6,0,1,2,3,4) 
optProtocolSelection 
(index 0 & 1) 
TxtEpTimeCorrectoin 
 
CommonDialog1 
 
TxtFN 
 
TxtFE 
 
TxtCMSF 
TxtSMJA 
 
TxtIFLT 
 
TxtLongZ1 
 
TxtZonewidth 
 
TxtFN 
 
TxtLogFile 
 
butGetLogFile 
 
TxtGeoidFile 
 
butGetGeoidFile 
 
SunAz_Setup 
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  Select Case Mainform.Baudrate 
  Case COM_BAUD_38400: 
    optBaudrateSelection(0).Value = True 
  Case COM_BAUD_19200: 
    optBaudrateSelection(1).Value = True 
  Case COM_BAUD_9600: 
    optBaudrateSelection(2).Value = True 
  Case COM_BAUD_4800: 
    optBaudrateSelection(3).Value = True 
  Case COM_BAUD_2400: 
    optBaudrateSelection(4).Value = True 
  Case COM_BAUD_115200: 
    optBaudrateSelection(5).Value = True 
  Case Else 
    optBaudrateSelection(6).Value = True 
  End Select 
    
  'set protocol selection control on current protocol 
  If Mainform.Protocol = COM_ASCII Then 
    optProtocolSelection(0).Value = True 
  Else 
    optProtocolSelection(1).Value = True 
  End If 
   
  'Extras added for Sun Az Program 
   
   TxtFN.Text = Mainform.FN 
   TxtFE.Text = Mainform.FE 
   TxtCMSF.Text = Mainform.CMSF 
   TxtSMJA.Text = Mainform.SMJA 
   TxtIFLT.Text = Mainform.IFLT 
   TxtLongZ1.Text = Mainform.longz1 
   TxtZonewidth.Text = Mainform.zonewidth 
   TxtZone.Text = Mainform.zone 
   TxtEpTimeCorrection = Mainform.EpTimeCorrection 
   TxtLogfile.Text = Mainform.logfile 
   TxtGeoidFile.Text = Mainform.GeoidFile 
          
End Sub 
 
' function saves the communication setting and terminate 
Private Sub cmdOk_Click() 
 
  ' save port selection 
  If optPortSelection(0).Value Then 
    Mainform.ComPort = COM_1 
  Else 
    Mainform.ComPort = COM_2 
  End If 
   
   If optgpsPortSelection(0).Value Then 
    Mainform.gpsComPort = 1 
  Else 
    Mainform.gpsComPort = 2 
  End If 
       
  ' save baudrate selection 
  If optBaudrateSelection(0).Value Then 
    Mainform.Baudrate = COM_BAUD_38400 
  ElseIf optBaudrateSelection(1).Value Then 
    Mainform.Baudrate = COM_BAUD_19200 
  ElseIf optBaudrateSelection(2).Value Then 
    Mainform.Baudrate = COM_BAUD_9600 
  ElseIf optBaudrateSelection(3).Value Then 
    Mainform.Baudrate = COM_BAUD_4800 
  ElseIf optBaudrateSelection(4).Value Then 
    Mainform.Baudrate = COM_BAUD_2400 
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  ElseIf optBaudrateSelection(5).Value Then 
    Mainform.Baudrate = COM_BAUD_115200 
  Else 
    Mainform.Baudrate = COM_BAUD_57600 
  End If 
     
  ' save protocol selection 
  If optProtocolSelection(0).Value Then 
    Mainform.Protocol = COM_ASCII 
  Else 
    Mainform.Protocol = COM_BINARY 
  End If 
     
   Mainform.FN = TxtFN.Text 
   Mainform.FE = TxtFE.Text 
   Mainform.CMSF = TxtCMSF.Text 
   Mainform.SMJA = TxtSMJA.Text 
   Mainform.IFLT = TxtIFLT.Text 
   Mainform.longz1 = TxtLongZ1.Text 
   Mainform.zonewidth = TxtZonewidth.Text 
   Mainform.zone = TxtZone.Text 
   Mainform.EpTimeCorrection = TxtEpTimeCorrection 
   Mainform.logfile = TxtLogfile.Text 
   Mainform.GeoidFile = TxtGeoidFile.Text 
       
  ' Unloading form resp. control and Terminate execution 
  Unload Me 
 End Sub 
 
' function terminates without saving setting 
Private Sub cmdCancel_Click() 
  ' Unloading form resp. control and Terminate execution 
  ' without save settings 
  Unload Me 
End Sub 
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SunAz.Main.frm 
 
 
'Sun Azimuth Main Form Version 1.0 
'Modified from Leica Geosystems VBSAMPLE.VBP 
'Requires connection to GPS with NMEA string output on serial port 
'& Total Station with Geocom connection on serial port 
'Set interfaces on Total Station to GeoCOM Mode, Port 1, Device RS232 GeoCom 
 
Option Explicit ' Require explicit variable declaration 
 
'--- Global Constants --- 
Const CONV_RAD_TO_DEG = 57.2957795131 ' convert factor rad to deg 
Const FULL_CIRCLE_DEG = 360         ' full circle in unit deg 
Const pi = 3.14159265358979 'pi 
 
'--- Public Variables --- 
'communication 
Public ComPort     As Long ' RS232 port number 
Public gpsComPort  As Long ' GPS port for NMEA string 
Public Baudrate    As Long ' GeoCOM Baudrate 
Public Protocol    As Long ' GeoCOM Protocol (ASCII or Binary) 
 
'Sun Az based Variables 
Public EpTimeCorrection As Long 
Public GeoidFile As String 
Public logfile As String 
 
'Projection Based Variables 
Public FN, FE, CMSF, SMJA, IFLT, longz1, zonewidth, zone As Double 
 
'--- Global Variables --- 
'control variables 
Dim bApplRunning As Boolean       ' state is application running or not 
TxtEast 
TxtNorth 
getStnValues 
Timesync 
txtgLat
 txtgLng
txtAlat
 txtAlng
txtgc
txtLap
txtTime
mslastrec
txtDate
txtSunAz
txtHcor
 txtAvg
 
txtGPSTime
txtGPSDate 
txtHzAngle
 baseMsTxt
currMsTxt
cmdSetup 
 
cmdOnline 
 
cmdOffline 
cmdEnd 
 
but_delred 
 
But_clearall 
txtFLNum 
 txtFRNum 
 
but_sethz 
 
out_box 
 
MSComm1 
 
butTakeRec 
 
Mainform 
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Dim bApplAborted As Boolean       ' state will be application abborted or not 
Dim result As Long    ' function result 
 
'measurement variables 
Dim dHz As Double           ' Hz angle data [rad] 
Dim dV As Double            ' V angle data  [rad] 
Dim dHzdeg As Double        ' Hz angle data [deg] 
Dim avghcc As Double        ' Average Horizontal Circle Correction 
Dim GC As Double            ' Grid Correction 
Dim laplace As Double       ' Laplace Correction 
Dim lati As Double          ' Latitude (Astronomic) 
Dim lngi As Double          ' Longitude (Astronomic) 
 
'GPS NMEA Timer String Info 
Dim tsclick As Boolean       ' Timesync switch 
Dim dsclick As Boolean       ' Datesync switch 
Dim timer As Long            ' Current milliscond timer from Total Station 
Dim basetime As Long         ' Current millisecond basetimer for time calculations 
Dim Y, M, D, HRS, MIN, SEC, MS As Integer 'Time values Year, Month, Day, Hour, Minute, Second, millisecond 
 
Dim WithEvents gps As VB6NmeaInterpreter 
Attribute gps.VB_VarHelpID = -1 
Dim inString As String 
 
'Utility Mathematic and conversion functions 
 
'Convert number to radians 
Function Radians(num) As Double 
Dim num1 As Double 
num1 = (3.14159265358979 / 180) * num 
Radians = num1 
End Function 
'Convert radians to degrees 
Function Degrees(num) 
Dim num1 As Double 
num1 = (180 / 3.14159265358979) * num 
Degrees = num1 
End Function 
'Arc sin 
Function Asin(num) 
Dim num1 As Double 
num1 = Atn(num / Sqr(-num * num + 1)) 
Asin = num1 
End Function 
'Correct circle to 0-360 degrees 
Function CirCor(num) 
Dim num1 As Double 
If num > 360 Then 
num1 = DMSDeg(num) 
num1 = num1 - 360 
num1 = DegDMS(num1) 
End If 
If num < 0 Then 
num1 = DMSDeg(num) 
num1 = num1 + 360 
num1 = DegDMS(num1) 
End If 
If num < 360 And num > 0 Then 
num1 = num 
End If 
 
CirCor = num1 
End Function 
'Convert from Sexagesimal to Decimal Degrees 
Function DMSDeg(dms) 
Dim dmst As Double 
Dim D As Double 
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Dim M As Double 
Dim s As Double 
 
    dmst = dms + 0.0001 * Sgn(dms) 
    D = Fix(dmst) 
    M = Fix((dmst - D) * 100) 
    s = ((dmst - D) * 100 - M) * 100 - 1 * Sgn(dms) 
    DMSDeg = D + M / 60 + s / 3600 
End Function 
'Convert from Decimal Degrees to Sexagesimal Value 
Function DegDMS(deg) 
Dim degt As Double 
Dim D As Double 
Dim M As Double 
Dim s As Double 
    degt = deg 
    D = Fix(degt) 
    M = Fix((degt - D) * 60) 
    s = ((degt - D) * 60 - M) * 60 
    DegDMS = D + M / 100 + s / 10000 
End Function 
 
'Calculate Sun Azimuth given time day and location, edited from M.R.Craymer 1984 
Function Sun_Az(HRS, MIN, SEC, D, M, Y, LAT, LNG) 
'variable declaration 
Dim t, f, RA, DEC, GHA, UT, JD, X, Z, HCC As Double 
'Variables from Craymer 
Dim R, ML, MA, C, MLR, MOB, MAV, MAM, MAJ, MAS, MAMN as double 
Dim CD, PLV, PLM, PLJ, PLS, PLMN, PLP, PL, PLR, PLAT, LMAN, NL, NOB As Double 
Dim E, W, ABL, TL, AL, ALAT, TLR, TR, TOB, H, AZ, V, U As Double 
 
'inputs 
R = 4 * Atn(1) / 180 
 
 f = (SEC + (MIN * 60) + (HRS * 3600) + EpTimeCorrection) / 86400 ' Note Ephermis Time correction added here 
 
  'Julian Day Calculations 
  JD = Int(365.25 * Y) + Int(30.6001 * (M + 1)) + (D + f) + 1720994.5 + (2 - (Int(Y / 100)) + Int((Int(Y / 100)) / 4)) 
  t = (JD - 2415020) / 36525 
   
  'Perturbations in Ecliptic (Craymer 1984) 
  ML = 279.69668 + 36000.76893 * t + 0.0003 * t * t 
  MA = 358.47583 + 35999.04975 * t - 0.00015 * t * t 
  C = (1.91946 - 0.00479 * t - 0.00001 * t * t) * Sin(Radians(MA)) 
  C = C + (0.02009 - 0.0001 * t) * Sin(Radians(2 * MA)) 
  C = C + 0.00029 * Sin(Radians(3 * MA)) + 0.000005 * Sin(Radians(4 * MA)) 
  MLR = 0.0000306 - 0.0000002 * t 
  MLR = MLR + (-0.0072741 + 0.0000181 * t) * Cos(Radians(MA)) 
  MLR = MLR + (-0.0000914 + 0.0000005 * t) * Cos(Radians(2 * MA)) 
  MLR = MLR - 0.0000015 * Cos(Radians(3 * MA)) 
  MOB = 23.452294 - 0.013013 * t 
  MAV = 212.60322 + 58517.80388 * t + 0.00129 * t * t 
  MAM = 319.52902 + 19139.85922 * t + 0.00018 * t * t 
  MAJ = 225.32833 + 3034.96202 * t - 0.00072 * t * t 
  MAS = 175.46622 + 1221.55147 * t - 0.0005 * t * t 
  MAMN = 296.10471 + 477198.84911 * t + 0.00919 * t * t 
  CD = 350.73749 + 445267.11422 * t - 0.00144 * t * t 
  f = 11.25089 + 483202.02515 * t - 0.00321 * t * t 
  PLV = 4.838 * Cos(Radians(299.10167 + MAV - MA)) 
  PLV = PLV + 0.116 * Cos(Radians(148.9 + 2 * MAV - MA)) 
  PLV = PLV + 5.526 * Cos(Radians(148.31333 + 2 * MAV - 2 * MA)) 
  PLV = PLV + 2.497 * Cos(Radians(315.943333 + 2 * MAV - 3 * MA)) 
  PLV = PLV + 0.666 * Cos(Radians(177.71 + 3 * MAV - 3 * MA)) 
  PLV = PLV + 1.559 * Cos(Radians(345.25333 + 3 * MAV - 4 * MA)) 
  PLV = PLV + 1.024 * Cos(Radians(318.15 + 3 * MAV - 5 * MA)) 
  PLV = PLV + 0.21 * Cos(Radians(206.2 + 4 * MAV - 4 * MA)) 
  PLV = PLV + 0.144 * Cos(Radians(195.4 + 4 * MAV - 5 * MA)) 
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  PLV = PLV + 0.152 * Cos(Radians(343.8 + 4 * MAV - 6 * MA)) 
  PLV = PLV + 0.123 * Cos(Radians(195.3 + 5 * MAV - 7 * MA)) 
  PLV = PLV + 0.154 * Cos(Radians(359.6 + 5 * MAV - 8 * MA)) 
   
  PLM = 0.273 * Cos(Radians(217.7 - MAM + MA)) 
  PLM = PLM + 2.043 * Cos(Radians(343.88833 - 2 * MAM + 2 * MA)) 
  PLM = PLM + 1.77 * Cos(Radians(200.40167 - 2 * MAM + MA)) 
  PLM = PLM + 0.129 * Cos(Radians(294.2 - 3 * MAM + 3 * MA)) 
  PLM = PLM + 0.425 * Cos(Radians(338.88 - 3 * MAM + 2 * MA)) 
  PLM = PLM + 0.5 * Cos(Radians(105.18 - 4 * MAM + 3 * MA)) 
  PLM = PLM + 0.585 * Cos(Radians(334.06 - 4 * MAM + 2 * MA)) 
  PLM = PLM + 0.204 * Cos(Radians(100.8 - 5 * MAM + 3 * MA)) 
  PLM = PLM + 0.154 * Cos(Radians(227.4 - 6 * MAM + 4 * MA)) 
   
  PLJ = 0.163 * Cos(Radians(198.6 - MAJ + 2 * MA)) 
  PLJ = PLJ + 7.208 * Cos(Radians(179.53167 - MAJ + MA)) 
  PLJ = PLJ + 2.6 * Cos(Radians(263.21667 - MAJ + 2 * MA)) 
  PLJ = PLJ + 2.731 * Cos(Radians(87.145 - 2 * MAJ)) 
  PLJ = PLJ + 1.61 * Cos(Radians(109.49333 - 2 * MAJ + MA)) 
  PLJ = PLJ + 0.164 * Cos(Radians(170.5 - 3 * MAJ + 3 * MA)) 
  PLJ = PLJ + 0.556 * Cos(Radians(82.65 - 3 * MAJ + 2 * MA)) 
  PLJ = PLJ + 0.21 * Cos(Radians(98.5 - 3 * MAJ + MA)) 
   
  PLS = 0.419 * Cos(Radians(100.58 - MAS + MA)) 
  PLS = PLS + 0.32 * Cos(Radians(269.46 - MAS)) 
  PLS = PLS + 0.108 * Cos(Radians(290.6 - 2 * MAS + 2 * MA)) 
  PLS = PLS + 0.112 * Cos(Radians(293.6 - 2 * MAS + MA)) 
   
  PLMN = 6.454 * Sin(Radians(CD)) + 0.177 * Sin(Radians(CD + MAMN)) 
  PLMN = PLMN - 0.424 * Sin(Radians(CD - MAMN)) + 0.172 * Sin(Radians(CD - MA)) 
   
  PLP = 6.4 * Sin(Radians(231.19 + 20.3 * t)) 
  PLP = PLP + 0.27 * Sin(Radians(31.8 + 119 * t)) 
  PLP = PLP + (1.88 - 0.02 * t) * Sin(Radians(57.24 + 150.27 * t)) 
  PLP = PLP + 0.2 * Sin(Radians(315.6 + 893.3 * t)) 
   
  PL = (PLV + PLM + PLJ + PLS + PLMN + PLP) / 3600 
  PLR = (236 * Cos(Radians(209.08 + MAV - MA))) 
  PLR = PLR + 684 * Cos(Radians(58.31833 + 2 * MAV - 2 * MA)) 
  PLR = PLR + 105 * Cos(Radians(87.57 + 3 * MAV - 3 * MA)) 
  PLR = PLR + 150 * Cos(Radians(225.25 + 3 * MAV - 4 * MA)) 
  PLR = PLR + 206 * Cos(Radians(253.82833 - 2 * MAM + 2 * MA)) 
  PLR = PLR + 707 * Cos(Radians(89.545 - MAJ + MA)) + 133 * Cos(Radians(CD)) 
  PLR = PLR * 0.00000001 
   
  PLAT = (0.092 * Cos(Radians(93.7 + MAV - 2 * MA))) 
  PLAT = PLAT + 0.21 * Cos(Radians(151.8 + 3 * MAV - 4 * MA)) 
  PLAT = PLAT + 0.166 * Cos(Radians(265.5 - 2 * MAJ + MA)) 
  PLAT = PLAT + 0.567 * Sin(Radians(f)) - 0.047 * Sin(Radians(f - MAMN)) 
  PLAT = PLAT + 0.067 * Cos(Radians(123 + 2 * MAV - 3 * MA)) 
  PLAT = PLAT / 3600 
   
  'Nutation in Ecliptic - Longitude and Obliquity (Craymer 1984) 
   LMAN = 259.18328 - 1934.14201 * t + 0.00208 * t * t 
   NL = (-17.233 * Sin(Radians(LMAN)) + 0.209 * Sin(Radians(LMAN * 2))) 
   NL = NL - 1.273 * Sin(Radians(2 * LMAN - 2 * CD + 2 * f)) 
   NL = NL + 0.126 * Sin(Radians(MA)) - 0.204 * Sin(Radians(2 * LMAN + 2 * f)) 
   NL = NL / 3600 
    
   NOB = 9.21 * Cos(Radians(LMAN)) - 0.09 * Cos(Radians(2 * LMAN)) 
   NOB = NOB + 0.552 * Cos(Radians(LMAN * 2 - 2 * CD + 2 * f)) 
   NOB = NOB / 3600 
    
   'Annual Aberration Correction to Ecliptic Longitude 
   E = 0.01675104 - 0.0000418 * t - 0.000000126 * t * t 
   W = 101.220833 + 1.71918 * t + 0.00045 * t * t 
   ABL = 20.496 * (E * Cos(Radians(W - ML - C - PL - NL)) - 1) / 3600 
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   ABL = ABL / 10 ^ R 
    
   TL = ML + C + PL + NL 
   AL = TL + ABL 
   ALAT = PLAT 
   AL = AL - Int(AL / 360) * 360 
   TLR = MLR + PLR 
   TR = 10 ^ TLR 
   TOB = MOB + NOB 
          
  'Calculation of universal time 
  UT = DMSDeg(HRS + (MIN / 100) + (SEC / 10000)) 
     
  'Right ascension 
  V = Cos(Radians(ALAT)) * Cos(Radians(AL)) 
  U = Cos(Radians(ALAT)) * Sin(Radians(AL)) * Cos(Radians(TOB)) - Sin(Radians(ALAT)) * Sin(Radians(TOB)) 
  RA = Atn(U / V) / R / 15 
  If V < 0 Then 
  RA = RA + 12 
  End If 
  If V > 0 And U < 0 Then 
  RA = RA + 24 
  End If 
   
  'Declination 
  DEC = Asin(Cos(Radians(ALAT)) * Sin(Radians(AL)) * Sin(Radians(TOB)) + Sin(Radians(ALAT)) * Cos(Radians(TOB))) / R 
   
  'Greenwich Hour Angle 
  GHA = UT + 6.646065 + 2400.051262 * t + 0.000026 * t * t 
  GHA = GHA + NL * Cos(Radians(TOB)) / 15 
  GHA = GHA - Int(GHA / 24) * 24 
  
'Spherical Trig and Azimth to Sun Calcs 
H = (GHA - RA) * 15 - LNG 
V = -Cos(Radians(DEC)) * Sin(Radians(H)) 
U = Sin(Radians(DEC)) * Cos(Radians(LAT)) - Cos(Radians(DEC)) * Cos(Radians(H)) * Sin(Radians(LAT)) 
AZ = Atn(V / U) / R 
If U < 0 Then 
AZ = AZ + 180 
End If 
If U > 0 And V < 0 Then 
AZ = AZ + 360 
End If 
 
Sun_Az = AZ   'Return Sun Azimuth 
 
End Function 
 
Function mga2latlongcon(East, North, zone) 
'Convert MGA coordinates to lat and long and return central scale factor 
'Modified from GA spreadsheet Redfearn.xls 1999 
'Variable declaration 
Dim n, M, E, CM, EK, f, smna, e2, se2, ee, n1, g, sig1, sig2, sig4, sig6, sig8 As Double 
Dim fpl, sinfpl, secfpl, Nu, Rho, t1, x1, w1, latrad, glat, lngrad, glng, gcrad, GC As Double 
'Parameter Calculations 
CM = (zone * zonewidth) + longz1 - zonewidth 
f = 1 / IFLT 
smna = SMJA * (1 - f) 
e2 = (2 * f) - (f * f) 
se2 = e2 / (1 - e2) 
ee = Sqr(se2) 
n1 = (SMJA - smna) / (SMJA + smna) 
g = SMJA * (1 - n1) * (1 - n1 ^ 2) * (1 + (9 * n1 ^ 2) / 4 + (225 * n1 ^ 4) / 64) * pi / 180 
'Convert False Easting and Northing to origin centered values 
n = North - FN 
M = n / CMSF 
E = East - FE 
EK = E / CMSF 
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'Compute Sigma's 
sig1 = (M * pi) / (g * 180) 
sig2 = sig1 * 2 
sig4 = sig1 * 4 
sig6 = sig1 * 6 
sig8 = sig8 * 8 
'Foot Point Latitude to 5 terms 
fpl = sig1 + (((3 * n1 / 2) - (27 * n1 ^ 3 / 32)) * Sin(sig2)) '1st and 2nd term 
fpl = fpl + (((21 * n1 ^ 2 / 16) - (55 * n1 ^ 4 / 32)) * Sin(sig4)) '3rd term 
fpl = fpl + ((151 * n1 ^ 3) * Sin(sig6) / 96) '4th term 
fpl = fpl + (1097 * n1 ^ 4 * Sin(sig8) / 512) ' 5th term 
sinfpl = Sin(fpl) 
secfpl = 1 / Cos(fpl) 
'Spheroidal Radii of Curvature 
Rho = SMJA * (1 - e2) / ((1 - e2 * sinfpl * sinfpl) ^ 1.5) 
Nu = SMJA / (1 - e2 * sinfpl * sinfpl) ^ 0.5 
'tan of lat and powers 
t1 = Tan(fpl) 
x1 = EK / Nu 
 
'Speriodal Radii of curvature divided by each other and powers 
w1 = Nu / Rho 
'latitude to 4 terms 
latrad = fpl - (((t1 / (CMSF * Rho)) * x1 * E / 2)) '1st term 
latrad = latrad + (t1 / (CMSF * Rho) * (x1 ^ 3 * E / 24) * (-4 * w1 ^ 2 + 9 * w1 * (1 - t1 ^ 2) + 12 * t1 ^ 2)) '2nd term 
latrad = latrad - (t1 / (CMSF * Rho)) * (x1 ^ 5 * E / 720) * (8 * w1 ^ 4 * (11 - 24 * t1 ^ 2) - 12 * w1 ^ 3 * (21 - 71 * t1 ^ 2) + 15 * w1 ^ 2 * 
(15 - 98 * t1 ^ 2 + 15 * t1 ^ 4) + 180 * w1 * (5 * t1 ^ 2 - 3 * t1 ^ 4) + 360 * t1 ^ 4) '3rd term 
‘Note: Linefeed above 
latrad = latrad + (t1 / (CMSF * Rho)) * (x1 ^ 7 * E / 40320) * (1385 + 3633 * t1 ^ 2 + 4095 * t1 ^ 4 + 1575 * t1 ^ 6) '4th term 
glat = latrad * (180 / pi) 
'longitude to 4 terms 
lngrad = (CM * (pi / 180)) '1st term 
lngrad = lngrad + (secfpl * x1) - (secfpl * (x1 ^ 3 / 6) * (w1 + 2 * t1 ^ 2)) '2nd term 
lngrad = lngrad + (secfpl * (x1 ^ 5 / 120) * (-4 * w1 ^ 3 * (1 - 6 * t1 ^ 2) + w1 ^ 2 * (9 - 68 * t1 ^ 2) + 72 * w1 * t1 ^ 2 + 24 * t1 ^ 4))  
lngrad = lngrad - (secfpl * (x1 ^ 7 / 5040) * (61 + 662 * t1 ^ 2 + 1320 * t1 ^ 4 + 720 * t1 ^ 6)) '4th term 
glng = lngrad * (180 / pi) 
'Grid Convergence to 4 terms 
gcrad = (-1 * (t1 * x1)) '1st term 
gcrad = gcrad + ((t1 * x1 ^ 3 / 3) * (-2 * w1 ^ 2 + 3 * w1 + t1 ^ 2)) '2nd term 
gcrad = gcrad - ((t1 * x1 ^ 5 / 15) * (w1 ^ 4 * (11 - 24 * t1 ^ 2) - 3 * w1 ^ 3 * (8 - 23 * t1 ^ 2) + 5 * w1 ^ 2 * (3 - 14 * t1 ^ 2) + 30 * w1 * t1 
^ 2 + 3 * t1 ^ 4)) '3rd term 
‘Note: Linefeed above 
gcrad = gcrad + ((t1 * x1 ^ 7 / 315) * (17 + 77 * t1 ^ 2 + 105 * t1 ^ 4 + 45 * t1 ^ 6)) '4th term 
GC = gcrad * (180 / pi) 
 
'Calculations for Astronomic Coordinates and Laplace correction 
Dim filen, textline As String 
Dim wlat, wlong, nvalue, xi, eta As Double 
Dim lleft, lright, ltop, lbottom As Double 
Dim tlxi, trxi, blxi, brxi As Double 
Dim tleta, treta, bleta, breta As Double 
Dim bln, brn, trn, tln As Double 
Dim blinxi, blineta As Double 
Dim ALAT, along, laplace As Double 
Dim southlat As Integer 
 
'Compute Laplace - only if file exists 
If Dir(GeoidFile) <> "" Then 
 
'get file containing deflection numbers, must be 1min separation with AUSgeoid format 
Open GeoidFile For Input As #1 
'get geodectic lat and long values 
glat = DegDMS(glat) 
glng = DegDMS(glng) 
If glat < 0 Then 
glat = glat * -1 
southlat = 1 
End If 
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'calc four corners of 1min grid for bilinear interpolation 
lleft = (Fix(glng * 100) / 100) 
lright = (Fix((glng * 100) + 1) / 100) 
lbottom = (Fix(glat * 100) / 100) 
ltop = (Fix((glat * 100) + 1) / 100) 
'Read file and check values 
Line Input #1, textline 
Do While Not EOF(1) 
Line Input #1, textline 
wlat = CDbl(Mid(textline, 15, 3)) + (CDbl(Mid(textline, 18, 2) / 100)) 
wlong = CDbl(Mid(textline, 29, 3)) + (CDbl(Mid(textline, 33, 2) / 100)) 
xi = CDbl(Mid(textline, 47, 7)) 
eta = CDbl(Mid(textline, 57, 7)) 
nvalue = CDbl(Mid(textline, 7, 6)) 
If wlat = lbottom And wlong = lleft Then 
blxi = xi 
bleta = eta 
bln = nvalue 
End If 
If wlat = ltop And wlong = lleft Then 
tlxi = xi 
tleta = eta 
tln = nvalue 
End If 
If wlat = ltop And wlong = lright Then 
trxi = xi 
treta = eta 
trn = nvalue 
End If 
If wlat = lbottom And wlong = lright Then 
brxi = xi 
breta = eta 
brn = nvalue 
End If 
Loop 
'convert to decimal degrees 
lleft = DMSDeg(lleft) 
lright = DMSDeg(lright) 
ltop = DMSDeg(ltop) 
lbottom = DMSDeg(lbottom) 
glat = DMSDeg(glat) 
glng = DMSDeg(glng) 
'4 point bilinear interpolation based on Ausgeiod09 file 
blinxi = (blxi / ((lright - lleft) * (ltop - lbottom)) * (lright - glng) * (ltop - glat)) + (brxi / ((lright - lleft) * (ltop - lbottom)) * (glng - lleft) * 
(ltop - glat)) + (tlxi / ((lright - lleft) * (ltop - lbottom)) * (lright - glng) * (glat - lbottom)) + (trxi / ((lright - lleft) * (ltop - lbottom)) * (glng - 
lleft) * (glat - lbottom)) 
‘Note: Linefeed above 
blineta = (bleta / ((lright - lleft) * (ltop - lbottom)) * (lright - glng) * (ltop - glat)) + (breta / ((lright - lleft) * (ltop - lbottom)) * (glng - lleft) 
* (ltop - glat)) + (tleta / ((lright - lleft) * (ltop - lbottom)) * (lright - glng) * (glat - lbottom)) + (treta / ((lright - lleft) * (ltop - lbottom)) * 
(glng - lleft) * (glat - lbottom)) 
‘Note: Linefeed above 
Close #1 
blinxi = (DMSDeg(blinxi / 10000)) * (pi / 180) 
blineta = (DMSDeg(blineta / 10000)) * (pi / 180) 
If southlat = 1 Then 
glat = glat * -1 
End If 
glat = glat * (pi / 180) 
glng = glng * (pi / 180) 
'Calulation of Astronmoic Lat and Long (J.Clynch 2002) 
ALAT = (Asin(Sin(glat) / Cos(blineta)) + blinxi) * (180 / pi) 
along = (Asin(Sin(blineta) / Cos(glat)) + glng) * (180 / pi) 
'Laplace from GA Spreadsheet Deflects.xls 2009 
laplace = ((blineta / Cos(glat) * -1) * Sin(glat)) * (180 / pi) 
glat = glat * (180 / pi) 
glng = glng * (180 / pi) 
Else 'if file doesnt exist 
laplace = 0 
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ALAT = glat 
along = glng 
End If 
 
Dim latlongdeflects(0 To 6) As Double 
 
latlongdeflects(0) = glat              'geodetic latitude 
latlongdeflects(1) = glng              'geodetic longitude 
latlongdeflects(2) = GC                'grid correction 
latlongdeflects(3) = ALAT              'astronomic latitude 
latlongdeflects(4) = along             'astronomic longitude 
latlongdeflects(5) = laplace           'laplace correction 
 
mga2latlongcon = latlongdeflects       'return array for use 
 
End Function 
 
'Form and Program Interface Based Function 
 
'Function to Clear the Records box 
Private Sub but_clearall_Click() 
Dim indexCount As Integer 
indexCount = out_box.ListCount ' count number of items in listbox 
'Remove items 1 at a time 
While indexCount > 0 
out_box.RemoveItem (indexCount - 1) 
indexCount = indexCount - 1 
Wend 
txtFLNum.Text = "0" 
txtFRNum.Text = "0" 
Print #2, "All Values cleared" 'Record to log file 
End Sub 
 
'Function to remove record from Records Box 
Private Sub but_delred_Click() 
out_box.RemoveItem (out_box.ListIndex) ' get selected index 
'Remove item 
If out_box.ListCount > 0 Then 
takeAverage 
End If 
Print #2, "Deleted Record:" & Format(out_box.ListIndex) ' Record to log file 
End Sub 
 
'Take Record - calcs time, sun azimuth, and horizontal circle correction and call take average function 
Private Sub butTakeRec_Click() 
 
Dim HCCS As String                                  'Horizontal Circle Correction String 
Dim dday, dsec, dmin, dhrs, dms, dtime As Double    'Delta time variables for millisecond conversion 
Dim HCC, sunAz  As Double                           'Horizontal Circle Correction and sun azimuth 
 
'Correct Face if in Face Right 
If dV > pi Then 
dHzdeg = CirCor(dHzdeg + 180) 
End If 
 
'Time conversion from milliseconds to HMS format 
     dday = D 
     dtime = (timer - basetime) / 1000 
     dhrs = Int(dtime / 60 / 60) 
     dmin = Int((dtime / 60) - (dhrs * 60)) 
     dsec = dtime - (dhrs * 60 * 60) - (dmin * 60) 
     dsec = SEC + MS / 1000 + dsec 
     If dsec > 60 Then 
     dsec = dsec - 60 
     dmin = dmin + 1 
     End If 
     dmin = MIN + dmin 
     If dmin > 60 Then 
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     dmin = dmin - 60 
     dhrs = dhrs + 1 
     End If 
     dhrs = HRS + dhrs 
     If dhrs > 24 Then 
     dhrs = dhrs - 24 
     dday = dday + 1 
     End If 
 
      'Calculate sun az values 
      sunAz = Sun_Az(dhrs, dmin, dsec, dday, M, Y, lati, lngi) 
      'Apply corrections and calc Horizontal Circle correction 
      HCC = sunAz - dHzdeg + GC + laplace 
      'Output Values to Form 
      txtTime.Text = Format(dhrs, "##0") & ":" & Format(dmin, "##0") & ":" & Format(dsec, "##0.00") 
      txtTime.Refresh 
      txtDate.Text = Format(dday, "##0") & "/" & Format(M, "##0") & "/" & Format(Y, "##0") 
      txtDate.Refresh 
      txtSunAz.Text = Format(DegDMS(CirCor(sunAz)), "##0.0000") 
      txtSunAz.Refresh 
      txtHcor.Text = Format(DegDMS(HCC), "##0.0000") 
      txtHcor.Refresh 
      mslastrec.Text = Format(timer, "##") 
      mslastrec.Refresh 
            
'Prepare Horizontal Correction for listing in Listbox 
HCCS = Format(DegDMS(HCC), "##0.0000") 
 
'Label the face in the listbox entry 
If dV > pi Then 
HCCS = HCCS & Chr(9) & " " & Chr(9) & " " & Chr(9) & "FR" 
Else 
HCCS = HCCS & Chr(9) & " " & Chr(9) & " " & Chr(9) & "FL" 
End If 
 
'Add item to listbox 
out_box.AddItem HCCS 
out_box.Refresh 
'Run takeaverage to compute values 
takeAverage 
'Record details to logfile 
Print #2, "Rec:" & txtHzAngle.Text & "," & Format(dV) & "," & txtSunAz.Text & "," & txtHcor.Text & "," & txtAvg.Text & "," & 
txtTime.Text & "," & currMsTxt.Text 
‘Note: Linefeed above 
End Sub 
 
'STATISTICS CALCULATIONS 
 
'Take average - calculates current averages, standard deviations and variances for total and face 
'and labels with * when outside 2 standard deviations 
Function takeAverage() 
Dim indexCount As Integer                   'Number of items in listbox 
Dim flSum, frSum, sum As Double             'Totals for average calculation 
Dim flavg, fravg, avg As Double             'Average Values 
Dim flDiff, frDiff, diff As Double          'Difference from Average 
Dim flcount, frcount As Integer             'Face counters 
Dim flDiffsum, frDiffsum, diffsum As Double 'Sums of differences for SD calcs 
Dim hccstring As String                     'Horizontal correction string 
Dim face As String                          'Face strinf 
Dim flsd, frsd, sd As Double                'Standard deviations 
Dim fdiffstring, diffstring As String       'Strings for differences with/without * 
Dim recarray As Variant                     'Record array for listbox item parsing 
 
'zero variables 
sum = 0 
flSum = 0 
frSum = 0 
diffsum = 0 
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flDiffsum = 0 
frDiffsum = 0 
flcount = 0 
frcount = 0 
indexCount = out_box.ListCount 
 
'calculate averages 
While indexCount > 0 
hccstring = (out_box.List(indexCount - 1)) 'get listbox values 
recarray = Split(hccstring, Chr(9))        'parse string 
hccstring = recarray(0)                    'get HCC value 
face = recarray(3)                         'get Face 
sum = sum + DMSDeg(CDbl(hccstring))        'add HCC values to sum for averaging 
 
'Face sums 
If face = "FL" Then 
flSum = flSum + DMSDeg(CDbl(hccstring))    'add FL values to sum for averaging 
flcount = flcount + 1                      'increment FL counter 
Else 
frSum = frSum + DMSDeg(CDbl(hccstring))    'add FR values to sum for averaging 
frcount = frcount + 1                      'increment FR values 
End If 
 
indexCount = indexCount - 1                'increment listbox selection counter 
Wend 
 
indexCount = out_box.ListCount             'reset listbox counter 
 
If flcount > 0 Then 
flavg = flSum / flcount                    'take FL average 
End If 
If frcount > 0 Then 
fravg = frSum / frcount                    'take FR average 
End If 
 
If flcount > 0 And frcount > 0 Then       'take total average 
avg = (flavg + fravg) / 2 
End If 
If flcount > 0 And frcount = 0 Then 
avg = flavg 
End If 
If frcount > 0 And flcount = 0 Then 
avg = fravg 
End If 
 
'Calculate differencess 
While indexCount > 0 
hccstring = (out_box.List(indexCount - 1)) 'get listbox values 
recarray = Split(hccstring, Chr(9))        'parse string 
hccstring = recarray(0)                    'get HCC values 
face = recarray(3)                         'get Face 
 
diff = CDbl(DMSDeg(hccstring)) - avg       'calculate difference from average 
diffsum = diffsum + diff ^ 2               'add to sum for Standard deviation calcs 
 
If face = "FL" Then 
flDiff = CDbl(DMSDeg(hccstring)) - flavg   'calculate difference from FL average 
flDiffsum = flDiffsum + flDiff ^ 2         'add to sum for FL Standard deviation calcs 
Else 
frDiff = CDbl(DMSDeg(hccstring)) - fravg   'calculate difference from FR average 
frDiffsum = frDiffsum + frDiff ^ 2         'add to sum for FR Standard deviation calcs 
End If 
 
indexCount = indexCount - 1                'increment listbox selection counter 
Wend 
 
'Calculate standard deviations 
indexCount = out_box.ListCount             'Reset listbox counter 
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sd = Sqr(diffsum / indexCount)             'Calculate Standard deviation 
 
If flDiffsum > 0 Then 
flsd = Sqr(flDiffsum / flcount)            'Calculate FL standard deviations 
End If 
 
If frDiffsum > 0 Then 
frsd = Sqr(flDiffsum / frcount)            'Calculate FR standard deviations 
End If 
 
'calc vars as sd diff 
While indexCount > 0 
hccstring = (out_box.List(indexCount - 1)) 'get listbox values 
recarray = Split(hccstring, Chr(9))        'parse string 
hccstring = recarray(0)                    'get HCC value 
face = recarray(3)                         'get face 
diff = CDbl(DMSDeg(hccstring)) - avg       'calculate difference from average 
If Abs(diff) > sd Then 
diffstring = Format(DegDMS(diff), "##0.0000") & "*" 'if diff greater that 2 X standard deviations then flag 
Else 
diffstring = Format(DegDMS(diff), "##0.0000") 
End If 
 
If face = "FL" Then 
flDiff = CDbl(DMSDeg(hccstring)) - flavg    'calculate FL difference from FL average 
 
If Abs(flDiff) > flsd Then 
fdiffstring = Format(DegDMS(flDiff), "##0.0000") & "*" 'if diff greater that 2 X standard deviations then flag 
Else 
fdiffstring = Format(DegDMS(flDiff), "##0.0000") 
End If 
 
Else 
frDiff = CDbl(DMSDeg(hccstring)) - fravg 'calculate FR difference from FR average 
If Abs(frDiff) > frsd Then 
fdiffstring = Format(DegDMS(frDiff), "##0.0000") & "*" 'if diff greater that 2 X standard deviations then flag 
Else 
fdiffstring = Format(DegDMS(frDiff), "##0.0000") 
End If 
 
End If 
 
out_box.List(indexCount - 1) = hccstring & Chr(9) & diffstring & Chr(9) & fdiffstring & Chr(9) & face 'write data to listbox 
indexCount = indexCount - 1                   'increment counter 
Wend 
 
avghcc = avg                                   'record average for Horizontal Set 
txtAvg.Text = Format(DegDMS(avg), "##0.0000")  'Update average text element 
txtAvg.Refresh 
txtFLNum.Text = Format(flcount) 
txtFRNum.Text = Format(frcount) 
 
 
End Function 
 
 
'GEOCOM AND FORM LOADING AND UNLOADING FUNCTIONS 
 
' Function starts the application, it initialize 
' GeoCom and starts the simple main measure task 
 
Private Sub cmdOnline_Click() 
 
Set gps = New VB6NmeaInterpreter 
MSComm1.CommPort = gpsComPort 
MSComm1.PortOpen = True 
'Open logfile 
Open logfile For Append As #2 
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Print #2, "Program initalised" ' record details to logfile 
 
timer = 0 
tsclick = True 
dsclick = True 
 
On Error Resume Next 
' Only if application is not running 
If Not bApplRunning Then 
  ' reset abort flag 
  bApplAborted = False 
  '--- initialize GeoCom --- 
  result = VB_COM_Init() 
  If result = GRC_OK Then 
    ' open com port, one retry 
    result = VB_COM_OpenConnection(ComPort, Baudrate, 1) 
    If result = GRC_OK Then 
      ' set communication timeout 
      result = VB_COM_SetTimeOut(10)  ' [s] 
      ' set protocol (ASCII or binary) 
      result = VB_COM_SetComFormat(Protocol) 
      If result = GRC_OK Then 
        ' hide setup button 
        cmdSetup.Visible = False 
        ' hide online button 
        cmdOnline.Visible = False 
        ' show offline button 
        cmdOffline.Visible = True 
        ' set running flag 
        bApplRunning = True 
        butTakeRec.SetFocus 
        ' update status line 
        ctlStatus.Panels(1).Text = "Connection established - Downloading and Calculating STN values" 
        ' call main measurement(angle- measurement) loop 
        main_measure_loop 
      Else 
        ' could not set protocol 
        Call VB_COM_ViewError(result, "Error: Could not set protocol") 
        Call VB_COM_End 'reinitialize communication package 
      ' update status line 
      ctlStatus.Panels(1).Text = "No connection" 
      End If 
    Else 
      'could not open port 
      '->check com param on instrument side 
      Call VB_COM_ViewError(result, "Error: Could not open port") 
      Call VB_COM_End 'reinitialize communication package 
      ' update status line 
      ctlStatus.Panels(1).Text = "No connection" 
    End If 
  Else 
      'could not initialize communication package 
      '->on this time should not happen (it's only for future use) 
      Call VB_COM_ViewError(result, "Error: Could not initialize comunication package") 
      ' update status line 
      ctlStatus.Panels(1).Text = "No connection" 
  End If 
End If 
 
End Sub 
 
' Function aborts measurement and close connection 
Private Sub cmdOffline_Click() 
 
  ' Only if application is running 
  If bApplRunning Then 
    ' Abort flag for main measure loop 
    bApplAborted = True 
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    ' reset running flag 
    bApplRunning = False 
   ' terminate communication with instrument 
   result = VB_COM_CloseConnection() 
   If result <> GRC_OK Then 
      ' Display error message 
      Call VB_COM_ViewError(result, "Error: Stop measuring") 
    End If 
  ' show online button 
  cmdOnline.Visible = True 
  End If 
 
  ' reinitialize communication package 
  Call VB_COM_End 
  ' hide offline button 
  cmdOffline.Visible = False 
  ' show setup button 
  cmdSetup.Visible = True 
   
  ' Clear measurement values 
  txtHzAngle.Text = "Not available" 
   
  ' update status line 
  ctlStatus.Panels(1).Text = "Connection closed" 
   
  Print #2, "Connections closed"  'record details to logfile 
  Close #2 
 
End Sub 
 
' Function close the application, this function 
' will be called if you pressed the Exit button 
Private Sub cmdEnd_Click() 
 
' Only if application is running 
If bApplRunning Then 
  'Abort flag for main measure loop 
  bApplAborted = True 
   
  'terminate communication with instr 
  result = VB_COM_CloseConnection() 
  If result <> GRC_OK Then 
    ' Display error message 
    Call VB_COM_ViewError(result, "cmdEnd") 
  End If 
End If 
 
'reinitialize communication package 
Call VB_COM_End 
 
' Unloading form resp. control and Terminate execution 
Unload Me 
End 
 
Print #2, "Application Closed" 
Close #2 
 
End Sub 
 
' Show the setup form 
Private Sub cmdSetup_Click() 
  SunAz_Setup.Show 
End Sub 
 
 
' Function initialize the used global variables 
Private Sub Form_Initialize() 
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  '--- initialize global variable --- 
  bApplRunning = False        ' running flag 
  ComPort = COM_1             ' default comm port 
  gpsComPort = 2              ' default gps comm port 
  Baudrate = COM_BAUD_19200   ' default 19200 Baud 
  Protocol = COM_ASCII        ' default ASCII 
   
  FN = 10000000                  'False Northing 
  FE = 500000                    'False Easting 
  CMSF = 0.9996                  'Central Meridian Scale Factor 
  SMJA = 6378137                 'Semi Major Axis 
  IFLT = 298.257222101           'Inverse Flattening 
  longz1 = -177                  'Longitude of Central Meridian 
  zonewidth = 6                  'Width of Zone 
  zone = 56                      'Current zone 
  logfile = "C:\logfile.txt"    'open file dialog" 
  EpTimeCorrection = 66         'Ephemeris time correction 
  GeoidFile = "C:\winter\ausgeoid09_nsw.txt"  'open file dialog" 
   
  '--- hide inactive controls 
  cmdOffline.Visible = False 
   
End Sub 
' Function close GeoCom, so you can use 
' again GeoCom 
Private Sub Form_Unload(Cancel As Integer) 
 
  'reinitialize communication package 
  Call VB_COM_End 
 
  ' Unloading form resp. control and Terminate execution 
  Unload Me 
   
End Sub 
 
'TOTAL STATION INTERFACE TASKS 
 
' Function represent a simple measure task, 
' he gets the HZ/V angles and stores them as variables for future use 
Public Sub main_measure_loop() 
   
Dim onlyangle As TMC_ANGLE ' Declare Geocom custom variable 
Dim time1 As Long          'vaiable for removing time from TMC_ANGLE 
  
StnValues 'Functin to get stations values from Total station and calculated correction values (laplace, grid) 
   
ctlStatus.Panels(1).Text = "Connected" ' update status line 
 
'Continue to measure the angle from the total station and prepare values for other functions to use 
While Not bApplAborted 
 
   result = VB_TMC_GetAngle1(onlyangle, TMC_AUTO_INC)   'get angles and time value from total station 
         
        dHz = onlyangle.dHz                             'retrieve horizontal angle from results 
        dV = onlyangle.dV                               'retrieve vertical angle from results 
        time1 = onlyangle.AngleTime                     'retrieve time from results 
        timer = time1                                   'store time 
        currMsTxt.Text = Format(timer, "##")            'update millisecond timer informatinos 
      currMsTxt.Refresh 
              
      ' convert HZ angle rad to deg 
      dHzdeg = dHz * CONV_RAD_TO_DEG 
      ' generate output string 
      txtHzAngle.Text = Format(DegDMS(dHzdeg), "##0.00000") 
      txtHzAngle.Refresh 
       
      ' passes control to the operating system 
      DoEvents 
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  Wend ' end measure task 
 
End Sub 
 
'Get station values button pressed 
Private Sub getStnValues_Click() 
StnValues 
End Sub 
 
Function StnValues() 
 
Dim station As TMC_STATION 'Geocom custom variable 
Dim East, North, LAT, LNG, GC  As Double 
Dim ZoneString As String 
Dim latlnggc As Variant 
 
result = VB_TMC_GetStation(station)                     'Get Values from Instrument 
 
East = station.dE0                                      'Retrieve value from result 
North = station.dN0                                     'Retrieve value from result 
'ZoneString = TxtZone.Text                               'Get zone value from form 
'zone = CDbl(ZoneString)                                 'Convert zone to real value 
latlnggc = mga2latlongcon(East, North, zone)            'Run program to get correction and lat/long values 
 
'Update form 
txtEast.Text = Format(East, "##0.000") 
txtEast.Refresh 
txtNorth.Text = Format(North, "##0.000") 
txtNorth.Refresh 
txtgLat.Text = Format(DegDMS(latlnggc(0)), "##0.0000000") 
txtgLat.Refresh 
txtgLng.Text = Format(DegDMS(latlnggc(1)), "##0.0000000") 
txtgLng.Refresh 
txtAlat.Text = Format(DegDMS(latlnggc(3)), "##0.0000000") 
txtAlat.Refresh 
txtAlng.Text = Format(DegDMS(latlnggc(4)), "##0.0000000") 
txtAlng.Refresh 
txtgc.Text = Format(DegDMS(latlnggc(2)), "##0.0000") 
txtgc.Refresh 
txtLap.Text = Format(DegDMS(latlnggc(5)), "##0.0000") 
txtLap.Refresh 
 
'retrieve values for use in other functions 
lati = DMSDeg(CDbl(latlnggc(3))) 
lngi = CirCor(360 - DMSDeg(CDbl(latlnggc(4)))) 
GC = (latlnggc(2)) 
laplace = (latlnggc(5)) 
 
'record data to log files 
Print #2, "Stn Values Recorded:" & txtEast.Text & "," & txtNorth.Text & "," & Format(zone) & "," & txtgLat.Text & "," & txtgLng.Text & 
"," & txtAlat.Text & "," & txtAlng.Text & "," & txtgc.Text & "," & txtLap.Text 
‘Note: Linefeed above 
End Function 
 
'Export averages readings to total station 
Private Sub but_sethz_Click() 
Dim sethz As Double 
 
sethz = CirCor((dHz * CONV_RAD_TO_DEG) + CDbl(DMSDeg(avghcc))) 
sethz = sethz * (pi / 180) 
VB_TMC_SetOrientation (sethz) 
 
Print #2, "Horizontal Azimuth Set:" & txtAvg.Text 'Record to logfile 
 
End Sub 
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'GPS TIME AND DATE BASED INTERFACES 
 
Private Sub Timesync_Click() 
 
tsclick = True 
dsclick = True 
 
End Sub 
 
'Function to update date from GPS and facilitate date sync 
Private Sub gps_DateChanged(ByVal satDate As String) 
txtGPSDate.Text = satDate     'update form 
txtGPSDate.Refresh 
 
'Check for datesync and if true, reset values 
If dsclick = True Then 
 
'Parse date string to seperate values 
Y = Mid(satDate, 7, 2) + 2000 
M = Mid(satDate, 4, 2) 
D = Mid(satDate, 1, 2) 
 
dsclick = False 
 
Print #2, "Date Sync Completed on " & satDate 'record data to logfile 
End If 
 
End Sub 
'Function to update time from GPS and facilitate time sync 
Private Sub gps_TimeChanged(ByVal Time As String) 
txtGPSTime.Text = Time        'update form 
txtGPSTime.Refresh 
 
'Check for timesync and if true, reset values 
If tsclick = True Then 
basetime = timer   'set basetime from Millisecond timer on Total Station 
tsclick = False 
baseMsTxt.Text = Format(basetime) 'update form 
      baseMsTxt.Refresh 
 
'Parse time to seperate values 
HRS = Mid(Time, 1, 2) 
MIN = Mid(Time, 4, 2) 
SEC = Mid(Time, 7, 2) 
MS = Mid(Time, 10, 3) 
 
Print #2, "Time Sync Completed at " & Time; " ,instrument basetime set as " & Format(basetime) & "ms" 'Record data to logifle 
  
End If 
 
End Sub 
 
Private Sub MSComm1_OnComm() 
Dim InBuff As String 
         Select Case MSComm1.CommEvent 
         ' Handle each event or error by placing 
         ' code below each case statement. 
 
         ' This template is found in the Example 
         ' section of the OnComm event Help topic 
         ' in VB Help. 
 
         ' Errors 
            Case comEventBreak   ' A Break was received. 
            Case comEventCDTO    ' CD (RLSD) Timeout. 
            Case comEventCTSTO   ' CTS Timeout. 
            Case comEventDSRTO   ' DSR Timeout. 
            Case comEventFrame   ' Framing Error. 
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            Case comEventOverrun ' Data Lost. 
            Case comEventRxOver  ' Receive buffer overflow. 
            Case comEventRxParity   ' Parity Error. 
            Case comEventTxFull  ' Transmit buffer full. 
            Case comEventDCB     ' Unexpected error retrieving DCB] 
 
         ' Events 
            Case comEvCD   ' Change in the CD line. 
            Case comEvCTS  ' Change in the CTS line. 
            Case comEvDSR  ' Change in the DSR line. 
            Case comEvRing ' Change in the Ring Indicator. 
            Case comEvReceive ' Received RThreshold # of chars. 
                
               InBuff = MSComm1.Input 
               Call HandleInput(InBuff) 
              
            Case comEvSend ' There are SThreshold number of 
                           ' characters in the transmit buffer. 
            Case comEvEOF  ' An EOF character was found in the 
                           ' input stream. 
         End Select 
End Sub 
 
Public Sub HandleInput(Sinput As String) 
Dim cluster() As String 
Dim counter As Integer 
If Left$(Sinput, 1) = "$" Then 'start of string 
    inString = Sinput 
Else 
    inString = inString + Sinput 
End If 
cluster = Split(inString, vbCrLf) 
For counter = 0 To UBound(cluster) - 1 
        cluster(counter) = Trim(cluster(counter)) 
        If cluster(counter) <> vbNullString Then gps.Parse (cluster(counter)) 
    Next counter 
End Sub 
 
 
 
 
 
102 0050073010-Phillip Nixon  - Project Dissertation - University of Southern Queensland 2011  
 
Appendix D. Reduced Observations 
Note: All angle observations are in Sexagesimal format (DDD.MMSSS), where D is degrees, 
M is minutes and S is seconds. 
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Appendix E. Saftey Plan 
 
As with any exercise that involves outdoor fieldwork and use of specialised equipment 
there are risks involved that need to be identified and controlled.  The potential risks and 
their controls are listed below. 
 
Project: ENG4111 
Description: Experimental Testing of Lenses for Feasibility and Accuracy  
Student preparing JSEA 
(name): 
Phillip Nixon 
Supervisor (name): Zenhyu Zang 
Scope of Works: Solar Observations 
Location of Works: Silverwater Marker.NSW 
Personnel Qualifications and 
Experience: 
Survey Technician 10+ Years, Assistant 6 months training 
Plant/Equipment: Leica Total Station, Protective Lens, Netbook Computer, USB GPS, 12 Volt Charger, 
Vehicle 
Related Legislation: OHS Act 2000, OHS Regulations 2001, NSW OHS Act 2001, NSW OHS Regulations 
2002, Survey Regulations 2002 
 
Job Step 
H
az
ar
d
 / 
 
E
n
vi
ro
n
m
en
ta
l 
A
sp
ec
t 
Im
p
ac
t 
o
n
 
C
o
n
se
q
u
en
ce
 
L
ik
el
ih
o
o
d
 
R
is
k 
L
ev
el
 
Control Measures 
Use of equipment to 
take sun observations 
Injury to eye 
from looking 
at sun 
P
eo
pl
e 
Medical 
treatment 
required 
and long 
term 
acute 
health 
effects. 
P
os
si
bl
e 
M
ed
iu
m
 
• Ensure protective equipment is in place before taking 
observation.   
• Only trained and informed operators to use 
equipment.   
• Minimise pointing equipment at sun when not in use.   
• Use protective goggles when looking at sun not 
through the telescope 
Loading Equipment Physical 
Strain / 
manual 
handling 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
os
si
bl
e 
M
ed
iu
m
 
• Carry out vehicle loading in accordance with proper 
manual handling procedures.   
• Lift with knees and use two persons for loads over 
10kg. 
Loading Equipment Unsafe 
equipment 
storage in 
vehicle 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
os
si
bl
e 
M
ed
iu
m
 
• Store equipment in designated areas with cages 
installed to stop movement. 
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Job Step 
H
az
ar
d
 / 
 
E
n
vi
ro
n
m
en
ta
l 
A
sp
ec
t 
Im
p
ac
t 
o
n
 
C
o
n
se
q
u
en
ce
 
L
ik
el
ih
o
o
d
 
R
is
k 
L
ev
el
 
Control Measures 
Travel to site Injury from 
vehicle crash 
P
eo
pl
e 
Single 
fatality or 
permane
nt 
disability. 
U
nl
ik
el
y 
H
ig
h 
• Complete vehicle inspection to ensure vehicle is 
roadworthy.    
• Check vehicle is fitted with first aid kit.   
• Only licensed drivers to operate cars, obey road rules 
and drive to the conditions.   
• Allow plenty of travel time to ensure drivers are not 
rushing.   
• Be aware of potential hazards around road, including 
other road users and wildlife, especially around dusk 
and dawn.   
Travel to site Collision with 
wildlife 
P
eo
pl
e 
Single 
fatality or 
permane
nt 
disability. 
U
nl
ik
el
y 
H
ig
h 
• Complete vehicle inspection to ensure vehicle is 
roadworthy.    
• Check vehicle is fitted with first aid kit.   
• Only licensed drivers to operate cars, obey road rules 
and drive to the conditions.   
• Allow plenty of travel time to ensure drivers are not 
rushing.   
• Be aware of potential hazards around road, including 
other road users and wildlife, especially around dusk 
and dawn.   
General outdoor 
fieldwork 
Exposure to 
heat and cold 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
ro
ba
bl
e 
M
ed
iu
m
 
• Ensure clothing (and material) is appropriate to job 
climate.   
• Carry sufficient fluids for rehydration throughout day.  
• Be aware of weather forecast and any potential 
changes prior to commencement of work.  
• Adapt work to meet changes in conditions. 
General outdoor 
fieldwork 
Fatigue 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
ro
ba
bl
e 
M
ed
iu
m
 
• Ensure that communication with all party members is 
open and that rest breaks are both suitable and 
productive.  
• Monitor health and fitness of other party members 
and provide relevant, necessary feedback.  
• Avoid working and driving when fatigued.  
General outdoor 
fieldwork 
Dehydration 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
ro
ba
bl
e 
M
ed
iu
m
 
• Carry sufficient fluids for rehydration throughout day.  
• Be aware of weather forecast and any potential 
changes prior to commencement of work. 
General outdoor 
fieldwork 
Radiation 
(ultraviolet/ion
ising) 
P
eo
pl
e 
Minor 
short 
term 
health 
effects. 
P
os
si
bl
e 
Lo
w
 
• Ensure that full length clothing is worn at all times.  
• Use protective sun cream as appropriate. 
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Job Step 
H
az
ar
d
 / 
 
E
n
vi
ro
n
m
en
ta
l 
A
sp
ec
t 
Im
p
ac
t 
o
n
 
C
o
n
se
q
u
en
ce
 
L
ik
el
ih
o
o
d
 
R
is
k 
L
ev
el
 
Control Measures 
General outdoor 
fieldwork 
Hostility from 
residents / 
strangers 
P
eo
pl
e 
Short / 
medium 
term 
health 
issues. P
os
si
bl
e 
M
ed
iu
m
 
• Use discretion in communications with all members 
of the public, being respectful and polite in all 
circumstances.  
• Leave things as you find them (e.g. gates, etc...).  
• Travel in pairs wherever possible and carry local 
emergency numbers. 
General outdoor 
fieldwork 
Manual 
handling 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
os
si
bl
e 
M
ed
iu
m
 
• Carry out vehicle loading in accordance with proper 
manual handling procedures.  
• Lift with knees and use two persons for loads over 
10kg. 
General outdoor 
fieldwork 
Slips, trips 
and falls 
P
eo
pl
e 
Lost 
Time 
Injury (off 
work 
recovery 
required) 
or short / 
medium 
term 
health 
issues. 
P
os
si
bl
e 
M
ed
iu
m
 
• Wear clothing, strong shoes.  
• Avoid carrying heavy loads along sloping and rocky 
ground.   
• Inspect the work area prior to starting work to ensure 
there are no slip, trip or falls hazards.    
• Do not work if it is unsafe to do so.    
• Ensure appropriate communication processes are in 
place between field staff.   
• Ensure vehicles is equipped with first aid kit. 
General outdoor 
fieldwork 
Injury from 
wildlife / 
domestic 
animals 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
os
si
bl
e 
M
ed
iu
m
 
• Ensure that appropriate clothing is worn at all times, 
particularly long trousers, and that footwear is 
appropriate to environment.  
• Remain alert.  
• Carry First Aid Kits and mobile phone.  
• Know necessary First Aid procedures.    
General outdoor 
fieldwork 
Biological 
infection from 
syringes and 
other 
substances P
eo
pl
e 
Extensiv
e injuries 
or 
chronic 
health 
issues. 
P
os
si
bl
e 
H
ig
h 
• Ensure that appropriate clothing is worn at all times, 
particularly long trousers, and that footwear is 
appropriate to environment.  
• Do not attempt to pick up objects, but cordon off the 
area and call appropriate authorities.  
• Carry First Aid Kits and mobile phone.  
• Know necessary First Aid procedures.    
General outdoor 
fieldwork 
Damage to 
vegetation 
while clearing 
survey sight 
lines 
E
nv
iro
nm
en
t 
Loss of 
Vegetatio
n, 
environm
entally 
protected 
species, 
and 
scenery 
impacts 
P
os
si
bl
e 
Lo
w
 
• Ensure minimal damage to vegetation, particularly in 
regard to deciding upon station location, where ever 
possible.  
• Be mindful of impact, following any directives 
regarding environmentally sensitive areas.  
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Job Step 
H
az
ar
d
 / 
 
E
n
vi
ro
n
m
en
ta
l 
A
sp
ec
t 
Im
p
ac
t 
o
n
 
C
o
n
se
q
u
en
ce
 
L
ik
el
ih
o
o
d
 
R
is
k 
L
ev
el
 
Control Measures 
Working long hours Fatigue and 
dehydration 
due to long 
hours. P
eo
pl
e 
Medium 
term 
health 
issues. P
os
si
bl
e 
M
ed
iu
m
 • Ensure adequate breaks both during and when not at 
work. 
Use of laser surveying 
equipment 
Injury to eye 
from looking 
at laser 
P
eo
pl
e 
Medical 
treatment 
required 
or short 
term 
acute 
health 
effects. 
P
os
si
bl
e 
M
ed
iu
m
 
• Ensure all staff are competent and sufficiently trained 
in the use of laser surveying equipment. 
• Minimise exposure to laser by always averting eyes 
during measurement if possible.  
• Ensure hardware specific maximum laser exposure 
times are known and rigorously obeyed. 
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Appendix F. Resource Planning 
 
The following is a budget showing the resources that were required to complete the 
project.  This does not include the author’s time. 
 
Instrumentation 
Cost Australian 
Dollars@2011 Notes 
Leica 1203+ Total Station $0.00 
Hire graciously donated by SKM Pty 
Ltd 
Leica ATX1230 with CORSNET 
receiver $0.00 
Hire graciously donated by SKM Pty 
Ltd 
   Test Lenses 
  Welding Lens $12.00 
 Floppy disk internals $0.10 
 Infrared Camera Filter Lens $40.00 
 780BP20 $30.00 
 Leica GV013 protective lens $420.00 
 
   Information Purchased 
  Coordinate mark values (X$10 
each) $30.00 
 
   NSOD Construction Materials 
 Estimated costs $50.00 
 
   Software 
  Visual BASIC software $300.00 
 Total $882.10 
  
The budget list here was within the funds availability of the author.  Access to computers 
and testing equipment was available 24 hours a day 7 days a week.  The main testing 
range was accessible to the public. 
 
 
